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Here’s a “never-before” 

opportunity to examine a 

complete panorama of 

contemporary steam gen- 

erating practice at the 
C-E Exhibit, Power Building, New York World’s Fair. From pictures 
that are colored, illuminated and in action, you'll view the entire range 
of the most modern steam generating equipment. » » » The exhibit 
begins with the smallest C-E unit...1,000 lb of steam per hr...and 
then mounts the complete range of capacities by easy stages to the spec- 
tacular high capacity C-E Units which produce more than 1,000,000 Ib 
of steam per hr. You'll see all available types of boilers ... straight tube, 
bent tube and fire tube. You'll find a variety of superheater arrange- 
ments and heat recovery equipment. You will be impressed by the com- 
plete C-E line of stokers, pulverizers and burners. » » » If you visit this 
exhibit at the World’s Fair during 1940, you’ll understand why C-E is 
so eminently well qualified to offer impartial counsel to anyone planning 
any type or size of steam generating unit. You’ll know why C-E can 
afford to recommend the equipment best suited to your needs. » » » But 
even if you don’t visit the World’s Fair, it is just as important that you 
remember this outstanding feature of C-E’s service when you consider LB PER HR UNIT IN 


the purchase of new steam generating equipment. = 
. . — A-s18 Miniature 


Standing 6 feet high, this true-to-life model 
at the World’s Fair is 1/16th the size of 
its original, a 1,000,000 Ib per hr C-E Unit 
in the Rouge Plant of Ford Motor 
Company, the world’s largest industrial 
power plant. The construction of the model 
took 3,000 hours, required 4,000 feet of 
boiler and furnace tubing, 2,800 feet of 
superheater tubing and 14,000 rivets for 
its framing. See it at the C-E Exhibit. 
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COPES COAL COUNTER 


Gives accurate, continuous 
reading of how much coal is 
fed each stoker. Inexpensive 
to buy, install and operate. 
Large lighted dial easily read 
30 feet away. Only a soft 
rubber roller, highly resistant 
to abrasion, comes in contact 
with the coal. Measurement 
continues accurate much 
longer than if it depended on 
any wearing part in, or touch- 
ing, the abrasive material. 
Nothing to stick or break off 
and cause “bridging” of coal 
in pipe. Write for Bulletin 411. 
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Promises might sell a first order, but no progressive utility 
system repeats with any equipment until it has made good on 
the job. And the COPES Flowmatic Regulator has done just 
that with this system. Since 1937, when its first Flowmatic 
was installed, five plants have bought this simplified steam 
flow type feed water regulator for new 875-pound boilers. 
All are getting close water level control, with feed flow ex- 
actly as needed for the steaming conditions. None have had 
any particular operating or maintenance problems. If you 
want effective feed and level control on your modern boilers, 
specify the COPES Flowmatic. Write for Bulletin 409-B. 


NORTHERN EQUIPMENT CO., 606 GROVE DRIVE, ERIE, PA. 


Feed Water Regulators, Pump Governors, Differential Valves 
Liquid Level Controls, Reducing Valves and Desuperheaters 


BRANCH PLANTS IN CANADA, ENGLAND, FRANCE, GERMANY AND ITALY 
REPRESENTATIVES EVERYWHERE 
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POWER AND PREPAREDNESS 


Board’s recent Annual Report is most interesting 

as showing the effect of war-time conditions on 
electric load. Because of evacuations from London and 
other metropolitan centers, resulting in many service 
disconnections and greatly decreased demands by hotels, 
restaurants, shops and places of amusement, the curtail- 
ment of nonessential industries, and the absence of street 
lighting and electric signs, the aggregate demand has 
shown a very marked falling off. This is only partly 
compensated by slight increases in rural districts and by 
industrial load for the manufacture of munitions. In 
fact, the dislocation of normal growth in load has been 
so great that the Board has decided it would be unsound 
to proceed with its full program of plant extensions 
which had been planned on pre-war estimates. 


A seatre of the British Central Electricity 


The policy of concentrating generation in the most 
efficient stations was followed for the first eight months 
of 1939, but with the beginning of hostilities it became 
necessary to adjust this policy by maintaining a large 
amount of relatively inefficient generating capacity, 
ready to cope with the results of any attack. This has had 
a noticeable effect on the economy of system operation. 


It is hardly conceivable that conditions in the 
United States, as a whole, would be strictly comparable 
to those of England in such an emergency, because of 
the physical differences between the two countries; 
but, regionally, they might be similar in case of a threat- 
ened attack. Therefore, it is not amiss to take cogni- 
zance of the aforementioned effects of war conditions 
on electric load, particularly that after hostilities have 
actually begun, the demand in some sections is likely to 
fall off—a situation contrary to popular belief. 


At present, however, it is the prospective increase in 
industrial load to meet the preparedness program, super- 
imposed on normal peace-time demand, that warrants 
consideration. This, in itself, is sufficient justification 
for executing without delay the existing programs for 
extension which the private utilities have laid out, re- 
gardless of what might be the load situation should we 
be drawn into the conflict. That these plans, supple- 
menting present capacity and extensive interconnec- 
tion, are adequate, appears to represent authoritative 
opinion. 


C. W. Kellogg, president of the Edison Electric In- 
stitute, addressing its Annual Convention last week in 
Atlantic City, stated that “At the end of 1939 installed 
generating capacity exceeded peak demands by 39 per 
cent, even in industrial areas. Effectively, this margin 
is even greater because of the network of interconnec- 
tions. The utility industry will add 1,640,000 kilowatts 
of generating capacity this year and another 1,250,000 
kilowatts is already planned for completion in 1941. 
There is ample capacity for all existing industrial es- 
tablishments and more can be added as fast as new 
munitions factories can be built.” 


In view of this, the proposal now before Congress to 
construct a 200-million dollar, 2600-mile, government- 
owned grid, duplicating to a large extent existing trans- 
mission lines, loses much of its force, inasmuch as such 
a grid, even if desirable, could not be completed in time 
to play a part in our preparedness measures; and its 
vulnerability to sabotage or attack during war time 
might possibly render it a liability rather than an asset. 
It will be recalled that Germany’s preparedness in power 
supply has been predicated on decentralization. 


An excellent analysis of the proposed grid, including 
its economic aspects, is contained in the May issue of 
our contemporary, Electric Light and Power. This 
concludes with the plea that, before embarking on such 
a venture, an appraisal and detailed studies of existing 
facilities be made by competent and unbiased engineers. 
If such an investigation should substantiate the claims 
of the grid proponents, there would be less valid objec- 
tion to its construction; but, again to quote Mr. Kel- 
logg, ‘“‘The utility industry can serve best if left free to 
use its own judgment and initiative. We have had long 
experience in rendering public service and exchanging 
assistance among ourselves, enabling us to make the most 
of our resources in time of emergency. Our trained per- 
sonnel, skilled in meeting sudden problems, form the 
most valuable defense against possible interruptions of 
service from acts of war or sabotage.” 


To enact hastily legislation for the construction of a 
grid under the guise of preparedness would be taking 
unfair advantage of present public opinion and con- 
gressional frame of mind. 
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The Erection of 


HIGH-PRESSURE HIGH- 





Fig. 1—Piping in Springfield, Ill., Municipal Plant 


should be considered as being of two classes, 

namely, shop fabricated and field fabricated. 
Which of these is selected will depend somewhat on de- 
sign conditions or the preference of the owner. Inas- 
much as the majority of the high-pressure piping speci- 
fications call for shop fabrication, this class of erection 
will be mainly considered. 

The character of the materials used will affect to some 
extent the erection procedure. For installations where 
the operating temperature does not exceed 750 F, carbon 
steel having either low or medium carbon content is 
used. For temperatures in excess of 750 F carbon 
molybdenum steel is recommended. As erection of shop- 
fabricated material is to be considered, it must be as- 
sumed that the field force has all the necessary assembly 
drawings with piece numbers marked thereon, the de- 
tailed shop drawings of each fabricated piece similarly 
marked, copies of all orders and a complete Bill of Ma- 
terial. 

Selection of a competent erecting superintendent is of 
paramount importance, as his capabilities will definitely 


| [should be. consi and high-temperature piping 
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By W. G. HOOPER, Vice Pres. 


Midwest Piping and Supply Co. 


The author reviews the funda- 
mental considerations that gov- 
ern the fabrication of piping for 
high-pressure, high-temperature 
service; outlines the duties of the 
field organization to expedite 
erection; discusses welding pro- 
cedure and the qualification of 
welders; and cites the require- 
ments of stress relieving. At- 
tention is called to certain neces- 
sary precautions and it is pointed 
out that, because of better facili- 
ties, it is preferable to do as 
much of the work as possible in 
the fabricator’s plant. 


govern the speed of erection, and the profitableness of the 
job, providing, of course, that he has proper cooperation 
from the Home Office. He should be permitted to select 
his own clerk, stockman and field foreman, and it must be 
borne in mind that the superintendent’s duty is to erect 
pipe and not to solve engineering problems in the field, 
as that is the function of the Home Office. 

In order to expedite erection, hangers, supports and 
anchors should be included with the first material ship- 
ment, and should be installed as soon as possible. This 
will permit the immediate erection of the piping on per- 
manent hangers, so that no time will be lost by provid- 
ing temporary supports. 

One of the very first duties of the field organization 
should be the checking of machinery and equipment loca- 
tions to ascertain the accuracy of the assembly drawings; 
also, to check the size, drilling, facing and position of each 
and every nozzle connection and advise the Home Office 
of any discrepancy so that immediate corrections may be 
made in process of fabrication. Anticipation of these er- 
rors will eliminate the extreme confusion which will occur 
if they are discovered at a later stage of erection. 
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TEMPERATURE PIPING 


for Modern Power Stations 


The superintendent being familiar with the physical 
conditions of the job should, as soon as possible, schedule 
the shipment of material so that its arrival will synchro- 
nize with his plan of erection, and so eliminate repeated 
rehandling of piping material which is not then required 
and may be in the way. 


Welding Procedure and Qualification of Welders 


The contractor has, of course, previously established 
his welding procedure for the various kinds and wall 
thicknesses of materials he proposes to weld, all as set 
forth in the Code for Pressure Piping. 

Either shop or local plant conditions may necessitate 
the employment of local welders who have not demon- 
strated their ability to use properly the contractor’s 
_welding procedure. In order that no misunderstanding 
or argument may arise between the owner and contractor, 
no welding of any character whatsoever should be per- 
mitted on the job by an operator who has not been duly 
tested and qualified and assigned a designating symbol 
or number which shall appear on each and every strength 
weld. 

Each prospective welding operator should be tested in 
accordance with the A.S.A. Code for Pressure Piping or 
the A.S.M.E. Boiler Code, paragraphs A-100 to A-120, 
inclusive, revised August 18, 1939, using the contractor’s 
qualified tested procedure and under his supervision. It 
is suggested that the fabricator furnish to the field the 


Fig. 2— A representative 
Piping arrangement in 
a 400-lb, 760 F station 
recently completed 
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necessary number of pieces of pipe, both ends of each 
piece bevelled in accordance with the contractor’s pro- 
cedure. For the qualifying of operators to butt weld 
pipe having a wall thickness of */, in. and less, use 10-in. 
(Schedule No. 40) pipe, and for wall thicknesses greater 
than */,in., use 8-in. (Schedule No. 160) pipe. Each test 
piece of pipe should be approximately 12 in. end-to-end, 
and there must be one piece per operator per test. Each 
piece shall be cut in half and the two halves tack welded 
to a support with the axis of the pipe in a horizontal 
plane and the bevelled ends aligned and spaced in accord- 
ance with the prescribed procedure. The material on 
which the test butt welds are to be made shall have 
identical physical and chemical properties to those of the 
material to be erected. 

After the test welds have been completed, cut from 
each test piece four longitudinal specimens parallel to 
the axis of the pipe and containing the weld at the center. 
The test specimens cut from the 10-in. (Schedule No. 40) 
pipe shall be 1!/, in. wide and those from the 8-in. (Sched- 
ule No. 160) pipe */, in. wide. 

The four test specimens cut from each test piece are to 
be taken from the following positions on the periphery: 
One from the top, one from the bottom and one from 
each side. Each specimen shall be permanently marked 
showing its original position in the test piece, and also 
bear some mark or symbol identifying the operator. 

One specimen taken from the top and one from the 
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side of the 10-in. (Schedule No. 40) pipe shall be given 
the ‘‘face bend tests,” and that from the bottom and the 
other specimen from the side are for the ‘root bend 
tests.’’ All four specimens taken from the top, bottom 
and both sides of the-8-in. (Schedule No. 160) are to be 
given the “‘side bend tests.” 

Each of these specimens will be bent to an angle of 
180 deg in a jig similar to that shown in the sketch, Fig. 
4, and if the condition of each of the bent specimens 
comes within the limits of the A.S.A. Code for Pressure 
Piping, the operator may be considered as qualified to 
weld in the following positions: 


Horizontal, rotating 
Horizontal, fixed 
Vertical, fixed 


assuming, of course, that the contractor’s procedure for 
welding in the horizontal, fixed position has been strictly 
complied with. 

The preceding suggestions apply to the metallic-arc 
method of welding, as that method is specified almost ex- 
clusively for the butt welding of high-pressure and high- 
temperature piping systems. 

In case facilities for machining and bending the speci- 
mens are not available in the field, then one should have 
the fabricator or some testing laboratory make the neces- 
sary tests. 

Suggestions as to tools, chain blocks, etc., are unneces- 
sary as this is a matter of routine. 

Immediately upon the arrival of the fabricated ma- 
terial it is well to check each piece by its piece number 
against the assembly drawings, especially to ascertain if 
all the material is available for erection of a complete run 
of piping. Considerable time is frequently lost when a 
certain length of pipe, fitting or valve essential to the final 
erection cannot be found and work must be stopped 
pending the locating of the missing piece. 

As soon as the piping has been erected in the perma- 
nent hangers, aligned, spaced and tack welded, the butt 
welding of the joints should follow. There are numerous 
styles and types of welding clamps on the market, the 
use of which will greatly facilitate the aligning process. 

The tacking may be done by the oxy-acetylene or the 
metallic-arc method, with the tack metal at the root of 











the weld. However, if the oxyacetylene method be 
employed for this purpose the tack welds must be entirely 
removed before proceeding with the metallic-arc butt 
welding. Some companies have had excellent results by 
splitting a piece of 2-in. or 2'/2-in. extra-strong pipe, about 
1 in. end-to-end, into two halves and welding each half on 
the periphery of the pipe at each point of tacking, with 
the axis of the tack attachment at right angles to the 
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Fig. 4—Jig for bending test specimen 


axis of the pipe and straddling the welding groove or 
crater. This leaves the welding groove entirely clean 
and free for the first beads. 

If, in order to compensate for expansion due to the 
operating temperature, the line or run of piping has been 
cold sprung or cut short, the last weld should be made 
with one end of the run loose. Otherwise the welding 
will have to be done with the line in more or less tension, 
depending on the amount of cold springing required. 

After the completion of the welding of each joint the 
operator must stamp the weld with his designating sym- 


Fig. 3—Manifold with 
motor-driven valves 
welded to it in the 
shop 
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bol or number, together with the last two numbers of 
the year in which it was made. 

If the specifications definitely call for stress-relieving on 
all butt welds, or if it is mutually agreed that preheating 
and stress relieving shall be in accordance with the Code 
for Pressure Piping, then preheating to a temperature of 
at least 400 F will be required on all welded joints in car- 
bon steel material where the carbon content is greater 





Fig. 5—Operation of welding valve connection 


than 0.35 per cent when the pipe wall thickness is '/¢ in. 
or greater, and on all carbon molybdenum welded joints. 
This preheating may be done by any suitable method, 
provided that it is uniform and that the temperature is 
maintained during the entire welding operation. 

While the Code does not specifically require it in car- 
bon steel material, the writer believes a better welded 
joint will be obtained by preheating all welded joints 
where the pipe wall thickness is */, in. or greater, regard- 
less of the carbon content. 


Fig. 6—Shop assembly of 
pipe containing expansion 
U-bend and _ welded-on 
valves 
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Stress relieving of the following classes of welded joints 
shall be made. 

1 On all carbon-steel welded joints having a carbon 
content in excess of 0.35 per cent. 

2 On all carbon-steel welded joints where the pipe 
wall thickness is */, in. and greater. 

3 On all carbon molybdenum welded joints where the 
wall thickness is '/, in. and greater. 

The member having the highest carbon content or the 
greatest wall thickness adjacent to the weld shall govern, 
and when slip-on type flanges are attached to the pipe by 
fillet welding front and back, the wall thickness of the 
pipe shall govern. 

Field stress relieving shall consist of slowly heating a 
circumferential band containing the weld in the center to 
a temperature of 1100 to 1250 F and maintaining this 
temperature for a period based on one hour per inch of 
wall thickness for carbon steel and two hours per inch of 
wall thickness for carbon molybdenum; but in no case 
shall the holding time be less than '/; hr, and then the 
weld shall be allowed to cool uniformly in still air. The 
width of the circumferential band to be heated must be 
at least equal to twice the width of the welding groove, 
but in no case is it to be less than the width of the weld 
reinforcement. 

Stress relieving may be accomplished by any suitable 
method that will assure the control of the rate of heating 
and maintain the holding temperature without undue 
variation. A recording type pyrometer is recommended 
for use with the stress-relieving equipment. 

It is important that in no case is any stress relieving 
of the welded joints to be made while the line is in a state 
of tension due to cold springing. That is, it is necessary 
always to have one end and intermediate anchors loose. 

All hydrostatic tests shall be in accordance with own- 
er’s specifications, or in absence of such specifications the 
A.S.A. Pressure Piping Code shall govern. The testing 
medium should be water unless otherwise specifically 
stated. 

The necessity for the use of backing rings when mak- 
ing field welds has been a very much argued question. 
However, their use for welds that cannot be reached from 
the inside, does afford an additional insurance against 
the presence of icicles or weld spatter and makes for more 
likelihood of complete penetration at the root of the 











weld. There are several types of backing rings on the 
market that will give excellent results and either the taper 
or recessed type will assist the weld spacing operation 
before tacking. 


Welding on Valves 


Welding of end valves, a common occurrence in pres- 
ent day design, demands that extreme care and caution 
be exercised in the welding and stress relieving operations 
not only in the fabricator’s plant but especially in the 
field, as carelessness may result in overheating of the 
valve body and cause warping or deformation of the 
valve seat, thus rendering the valve unfit for service. 

Unless the field operator or superintendent has had 
considerable experience in this class of field fabrication, 
welding and stress relieving should be done only in the 
fabricator’s plant, which is better equipped for handling 
such class of material. This is especially true where 
heavy motor-operated valves must be attached to head- 
ers or manifolds. Of course, it will be necessary to weld 
and stress-relieve one end of the valve as the excessive 
weights generally prohibit shipment and handling when 
the interconnecting piping is welded permanently to the 
valve end. 

If there is the slightest doubt as to the field’s ability 
to make and stress-relieve an end weld properly it is sug- 
gested that the fabricator weld a stub end approximately 
12 in. long of identical size and material as the connect- 
ing piping, to the end of each valve. This will permit 
the field to make a butt weld in pipe to pipe and the weld 
can be stress relieved without danger of overheating the 
valve. 

As the fabricator’s plant is equipped with mechanical 
devices for rotating the work to be welded, and the special 
equipment for handling heavy assemblies, it is recom- 
mended that an extra effort be made to have as much of 
the welding and stress-relieving operations done in the 
plant as possible rather than attempt to do it in the field. 

Inasmuch as the individuality of the designer is re- 
flected in each piping layout, varying pressures and tem- 
peratures and service conditions require separate treat- 
ment. No two piping systems are alike; consequently 
no specific rules or instructions can be formulated to gov- 
ern the field erection. In summarizing it might be sug- 
gested that the word anticipation be used as a slogan and 
‘be sure you're right, then go ahead.”’ 





Fly Ash in Concrete 


The 1940 report of the Distribution Committee of 
the National District Heating Association contains a 
review of the use of fly ash in concrete by J. S. Nelles 
and A. A. Sellke, both of The Detroit Edison Company. 

There are two ways in which fly ash can be used in 
concrete. The first is an admixture, added to an already 
established mix, to obtain a stronger and more workable 
concrete. The second is as a substitute for a part of 
the cement, up to about 20 per cent, where increased 
strength is not necessary. 

Its use will improve faulty gradings of aggregates or 
faulty proportions of fine and coarse aggregates, and 
the resulting concrete will be more dense. This is 
because the fly ash, being as fine as cement, tends to 
increase the amount of paste and enables the aggregates 
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to move more freely in the mass without particle inter- 
ference. At the same time, due to its large specific 
surface, it holds on to the water and increases the 
viscosity of the paste, which in turn retards the tendency 
of the aggregate to separate from the paste. Also, 
the silica in the ash combines with the calcium hydroxide 
produced by the hydration of the cement. This action 
changes the chemically unstable hydroxide into a ma- 
terial of harder crystalline structure and thereby in- 
creases the hardness and strength of the concrete. 

As an admixture in standard concrete, composed of 
cement, sand and pebbles, fly ash improves the strength 
of lean mixtures in all cases, but shows improvement in 
rich mixtures only for additions up to about 20 per cent. 
Moreover, in lean concrete, the workability was greatly 
improved by the addition of fly ash up to 30 per cent by 
weight, which is about the limit for a practical mix. 

It is pointed out that fly ash obtained from different 
plants may vary as to fineness and carbon content; 
and, while most fly ash can be used effectively in con- 
crete, it is undoubtedly true that the finer the ash the 
better, because the lower micron sizes are the most 
effective chemically. Also, low carbon content is 
desirable. Not only are the unburned carbon particles 
likely to be relatively large, but an ash having a high 
carbon content is apt to have a larger percentage of 
material in the coarse sieve fractions. 

For the past ten years The Detroit Edison Company 
has been seeking a market for the fly ash collected at 
its Trenton Channel Power House. Included in its 
investigations has been a concrete composed of portland 
cement, fly ash and crushed cinders from stoker-fired 
boilers. This type of concrete appears to have excel- 
lent possibilities. 





George L. C. Bourne 


George L. C. Bourne, Chairman of the Board of the 
Superheater Company and of Combustion Engineering 
Company, Inc., New York, died on May 25 at the age of 
sixty-seven. He had been in poor health for some 
months. 

Mr. Bourne was of British ancestry and was born in 
London, although his parents had previously resided in 
the United States. As a boy he attended Rugby and 
later went to Canada where he worked for the Hudson 
Bay Company and for the Canadian Pacific Railroad. 
Coming to this country in 1893, at the age of twenty, he 
served as a fireman and engineer on both the Chicago, 
Rock Island & Pacific Railway and the Chicago and 
Great Western Railroad, and for a short time taught at 
the International Correspondence Schools, Scranton, Pa. 
From 1901 to 1910 he was vice president of the Railway 
Materials Company. 

His railroad background led to his association with 
Samuel G. Allen and the late Joel S. Coffin in the found- 
ing of the Superheater Company, manufacturing special 
locomotive equipment. At first, he was vice presi- 
dent, located in Chicago, and in 1915 became president 
of the company, which position he held until 1932 when 
he became Chairman of the Board. In 1933 he was 
made Chairman of the Board of Combustion Engineering 
Company, Inc., which at that time became affiliated 
with the Superheater Company. 
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TEST ON 
STEAM GENERATING 
UNIT 


AT 12TH STREET STATION OF THE 


These tests were made on the second 
high-pressure unit, forming a part of the 
1939 extension to the plant. The unit, of 
450,000 lb per hr rated capacity at 830 lb 
pressure and 835 F total steam tempera- 
ture, is of the three-drum, bent-tube type, 
with a dry drum, has a slagging bottom 
furnace, two regenerative-type air heaters 
and is fired by two bowl mills. The test 
efficiencies ranged from 88.21 to 89.49 per 
cent. With completion of the 1939 exten- 
sion the station heat rate was reduced to 
13,195 Btu per kw-hr during the past 
winter. 


Station of the Virginia Electric and Power Company 

at Richmond, Va., was completed late in 1936. This 
was described and performance figures given in the 
November 1937 issue of CoMBUSTION. It consisted of 
a 12,500-kw topping unit taking steam at 830 Ib, 825 F 
and exhausting to the existing low-pressure turbines. 
The steam generating unit, rated at 450,000 lb per hr, 
was of the C-E three-drum bent-tube type, with dry drum 
and bubble-type steam washer, and had a slagging-bot- 
tom furnace of the intermittent tapping type. Air for 
combustion was supplied by two Ljungstrom air pre- 
heaters. 

Because of the steadily increasing station load a second 
extension was made in 1939. This included a steam gen- 
erator which is practically a duplicate of the 1936 unit, 
except that more air preheater surface was installed to 
permit a somewhat greater steam output. This unit, 
although designed for a continuous output of 425,000 Ib 
per hr with a peak capacity of 450,000 Ib, has been oper- 
ated on test at 520,000 lb per hr for three hours without 
difficulty and there was no indication that this could not 
have been sustained. Steam is supplied to a 40,000-kw 
condensing turbine unit whose generator is hydrogen 
cooled and it is expected that overloads considerably in 
excess of this nominal rating can be carried. 

The bowl mills of the 1939 extension are duplicates of 
those for the earlier unit. They were selected somewhat 
oversize for the coal normally used, with the expectation 
that lower grade coals, such as are available from nearby 
sources, could be burned without sacrifice of boiler ca- 
pacity. A variety of such coals has already been burned, 
varying from reclaimed dump coal to a high-grade Poca- 
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hontas. A special dust feeder has been installed in one 
of the new mills and reclaimed colliery coal dust has been 
burned. This dust requires very little, if any, grinding. 
The specified range of analyses of the coals that may be 
burned is as follows: . 


Moisture, % 2.24 to 5.45 
Volatile matter, % 15 34 
Fixed carbon, % 52 75 
Ash, % 7.5 20 
Btu 11,300 14,600 
Fusion temp. of ash, F 2130 2820 
Fluid temp. of ash, F 2860 3000 
Iron oxide, % 0.16 2.26 
Sulphur, % 0.5 4.0 
Grindability 56 103 


The oil-ignition torches of the new steam generating 
unit have been increased in capacity over those of the 
earlier unit and loads up to 100,000 Ib per hr may be 
carried on oil alone. 

A recent series of tests was conducted on the new unit, 
the results of which are given in the table and in Fig. 1. 
These were made by the heat-loss method. It will be 


FE 


Temperature - 





r 


Rating -/000 Lb PerHr 


Fig. 1—Test readings plotted against output 





noted that a relatively flat superheat was attained over a 
considerable range in load. At the lower ratings the ex- 
cess air was purposely kept high in order to maintain the 


desired steam temperatures. 


At the higher ratings the 
excess air was decreased and the superheat bypass damper 
opened to control the steam temperature. 
ture of gas entering the boiler was slightly lower for test 
No. 5 at the higher rating than for test No. 3 at a rating 


The tempera- 


TABLE 1—TEST ON BOILER NO. 18 AT 12TH STREET STATION OF 
THE VIRGINIA ELECTRIC AND POWER CO., RICHMOND, VA. 


Test No. 4 2 1 3 5 
Date 12/14/39 12/13/39 12/12/39 12/13/39 12/14/39 
Duration, hours 3.3 4.0 5.4 4.0 3.0 


Quantities, lb per hr 


Steam by meter 156,400 247,200 348,300 437,000 518,300 
Coal (automatic scale) 11,880 19,300 28,300 36,100 ’ 
Coal per mill 11,880 19,300 14,150 18,050 21,650 
Pressures, lb per sq in. ga. 
Feedwater 905 912 929 936 938 
Steam—saturated 866 875 890 900 899 
Steam—superheated 865 872 881 880 869 
Bypass damper open, % 0 0 0 35 25 
Temperature, F 
Feedwater 388 388 388 387 385 
Superheated steam 721 806 852 848 846 
Gas to boiler 1535 1765 2000 2110 2120 
Gas to superheater 1245 1535 1730 1835 1775 
Gas from superheater 797 970 1090 1140 1155 
Gas from boiler 561 615 672 707 725 
Gas from airheater 300 327 367 390 400 
Air to heater, dry bulb 64 77 71 69 57 
Air to heater, wet bulb 49 57 49 56 43 
Air from heater 447 439 460 477 480 
Coal to mills 75 66 71 66 68 
Coal from mills 140 170 170 170 170 
Pressures, in. of water 
Gas, furnace —0.16 —0.21 -—0.24 -0.25 — 0.57 
Gas, superheater inlet —0.16 —0.21 —0.28 —-0.34 — 0.41 
Gas, superheater outlet —0.70 —1.4 —-1.8 —2.7 — 3.5 
Gas, boiler outlet —0.80 -1.9 —3.3 —4.4 — 6.2 
Gas, airheater inlet —0.80 —2.0 —3.8 -—5.1 — 7.1 
Gas, airheater outlet —1.3 —3.0 —5.6 —8.0 —10.5 
Gas, I.D. fan inlet —1.6 —3.5 —5.9 —-8.1 —11.1 
Air, airheater inlet + .5 +2.6 +5.8 +9.0 +11.4 
Air, airheater outlet 0 +1.6 +4.2 +6.4 + 8.1 
Air, primary _ +5.0 +4.2 +5.6 + 7.7 
Flue Gas analyses, % 
Gas from superheater, 

COz 13.6 13.7 14.2 14.9 15.3 
Gas from boiler, CO2 13.0 13.4 13.7 14.1 15.1 
Gas from boiler, Oz 6.0 5.9 5.3 5.0 3.8 
Gas from boiler, CO 0 0 0 0 0 
Gas from air heater, CO2 12.5 12.8 13.5 13.8 14.6 
Gas from air heater, O2 5.9 5.9 5.3 5.3 4.0 
Gas from air heater, CO 0 0 0 0 0 

Coal analyses, % (as 
weighed basis) 
Carbon 81.52 81.86 84.10 81.41 82.53 
Hydrogen 4.13 4.20 4.21 4.17 4.19 
Oxygen 4.53 5.40 3.82 5.36 4.58 
Nitrogen 1.36 1.42 1.34 1.42 1.38 
Sulphur 0.67 0.79 0.56 0.78 0.67 
Ash 6.12 5.22 4.83 5.50 5.45 
Moisture 1.67 1.11 1.14 1.36 1.20 
Btu per lb 14,448 14,780 14,847 14,732 14,684 
Ash fusion temp., F 2345 2300 a ee 5 
Ash fluid temp., F 2421 2401 - - ‘ 
Fixed carbon, % 75.04 77.67 77.90 77.03 76.97 
Volatile matter, % 17.17 16.00 16.13 16.11 16.38 
Flue dust analyses 
Combustible, % 9.03 6.98 10.83 5.63 7.91 
Heat value of combus- 
tible, Btu per Ib 11,683 12,335 12,490 12,254 12,254 
Pulverized coal, Screen 

analyses 
Through 40 mesh, 99.9 99.9 99.9 99.9 99.9 
Through 60 mesh, 99.5 99.5 99.7 99.7 99.5 
Through 100 mesh, 96.7 97.1 97.4 97.8 97.0 
Through 200 mesh, % 81.1 82.6 82.7 83. 82.1 

SUMMARY OF LOSSES—PER CENT 

Loss due to heat in dry 

gases 6.41 6.56 7.52 7.80 8.03 
Loss due to vapor from 

burning He 2.99 2.97 3.03 3.05 3.12 
Loss due to moisture in 

coal 0.13 0.09 0.09 0.11 0.10 
Loss due to moisture in 

air 0.05 0.06 0.05 0.11 0.05 
Loss due to unburned 

carbon 0.24 0.16 0.24 0.14 0.19 
Radiation loss 1.10 0.67 0.48 0.38 0.30 
Total losses 10.92 10.51 11.41 11.59 11.79 
Efficiency by difference, 

per cent 89.08 89.49 88.69 88.41 88.21 





of 435,000 Ib per hr and the bypass damper opening was 
correspondingly less. The reason for this was that the 
test at 156,400 lb per hr was made just previous to the 
test at maximum load and the furnace walls did not have 
a heavy coating of slag. It is characteristic of furnaces 
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Fig. 2—Chart taken during tests 


of this type that when the rating is reduced the walls 
clean themselves of slag. A steam flow chart taken dur- 
ing the maximum and minimum load tests is here repro- 
duced. 

Table 2 shows the station heat rate for typical months 
before the 1936 extension was made, after this extension 
was in service, and for the present station including the 
1939 extension. 


TABLE 2—IMPROVEMENT IN STATION ECONOMY 


Following 7 
1936 Extension *1939 Extension 


Winter Summer Winter Summer 
0.94 000 0 0.94 


Old 
200-Lb Station 


Season of year Winter Summer 


Coal factor 1.500 1.650 . 94: & .91 5 
Btu per net kw-hr 21,750 238,925 13,702 14,500 13,195 13,630 
Station efficiency, per 

cent 15.7 14.3 24.9 23.5 25.9 25.0 
Station water rate 14.5 16.0 10.8 11.4 9.6 10.0 


* Est. from preliminary operation records. 





Coal and National Defense 


National defense and the part the nation’s coal re- 
serves will play in it will be discussed in Washington, 
D. C., June 21, during a fuel engineering conference ar- 
ranged by Appalachian Coals, Inc. Louis Johnson, 
Assistant Secretary of War, is scheduled to speak on 
“National Defense and Industry,” and will deal with the 
rdle coal and chemistry may play in national defense 
plans. Other speakers include C. C. Dickinson, presi- 
dent, National Coal Association; J. E. Tobey, vice 
president, Appalachian Coals, Inc.; E. G. Bailey, vice 
president, The Babcock & Wilcox Co.; Dr. A. A. Potter, 
Dean of Engineering, Purdue University; T. W. Harris, 
Jr., purchasing agent, E. I. du Pont de Nemours & Com- 
pany, Inc.; P. W. Swain, Editor, Power; P. Nicholls, 
U. S. Bureau of Mines; Dr. A. C. Fieldner, chief of the 
Technologic Branch, U.S. Bureau of Mines; A. R. Mum- 
ford, chairman of the Fuels Division, A.S.M.E.; R. E. 
Howe, president, Appalachian Coals, Inc.; and Dr. C. 
E. Lawall, president, West Virginia University. 
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Recent Development in 
Turbine Governing to 
Meet Special Conditions 


The increased use of superposed tur- 
bines has brought out the need of further 
refinements in the control mechanism to 
insure greater dependability of operation. 
Means for accomplishing this are de- 
scribed covering cases where the capacity 
of the high-pressure machine is such as to 
supply all the steam required by the low- 
pressure turbines, and where the capacity 
is such that supplementary steam from 
low-pressure boilers is necessary. 


general classes: (1) those machines which are 

large enough to supply all of the steam necessary 
for complete low-pressure turbine operation, and (2) 
those which are not large enough to supply all of the low- 
pressure steam necessary, under which conditions low- 
pressure boilers are always used. 

From the standpoint of ability to vary the high-pres- 
sure steam flow in terms of load on the station, these two 
classes should have different types of control. For other 
considerations, however, the controls should be similar, 
differing only in the method of their operation. 


G rene cas turbine operation falls into two 


Back-Pressure Control 


In the first case, back-pressure control of the steam 
valves of the superposed turbine is necessary as all of the 
load changes coming into the plant through the low-pres- 
sure turbines must be transferred to the high-pressure boiler 
by means of a change in position of the superposed tur- 
bine steam valves. This is on the assumption that the 
boiler can respond to change in demand and also that it 
will continuously produce the steam flow necessary for 
the total plant load. 

If the steam flow from the high-pressure boiler is de- 
creased for any reason, there will be a drop in back pres- 
sure on the superposed turbine, which will cause further 
opening of the turbine steam valves and a drop in high- 
pressure boiler pressure. This may result in priming 
and in a reduction of temperature in the boiler drum. 
These conditions have always been encountered in steam 
plants but the results of these sudden changes may be 
more serious with high pressure than with low pressure. 

To prevent this drop in pressure, the control valves of 
the superposed turbine should be closed an amount 
sufficient to compensate for the reduction in boiler out- 
put. 
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Initial pressure control of superposed turbines has been 
developed to prevent too great a drop in high-pressure 
boiler pressure by automatically closing the superposed 
turbine control valves on a predetermined drop in high- 
pressure boiler pressure, even if the back-pressure regula- 
tor is calling for more valve opening due to low back 
pressure. 

With this method of control, that is, an initial-pressure 
regulator to maintain high-pressure boiler pressure and a 





Fig. 1—1200-lb per sq in. bellows for 
hydraulic pressure control 


back-pressure regulator to maintain back pressure, there 
is always the possibility of being unable to maintain 
back pressure on the superposed turbine due to lack of 
high-pressure steam. This condition occurs when the 
low-pressure turbines are carrying more load than that 
for which the high-pressure boiler can supply steam. 
Such condition may result in loss of auxiliaries operated 
from this back-pressure line unless additional regulators 
are installed on the low-pressure turbines which will close 
down the low-pressure turbine steam valves on an ab- 
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normal drop in back pressure on the high-pressure turbine 
exhaust. 

In the second case, where there is insufficient super- 
posed capacity to supply all of the low-pressure turbine 
load, it is advisable to operate the superposed turbine at 
a load corresponding to that for which the high-pressure 
boiler can supply sufficient steam. 


Control by Initial-Pressure Regulator 


As the superposed turbine back pressure is maintained 
by the low-pressure boilers, it is not necessary to control 
this turbine in terms of back pressure. In this case, an 
initial-pressure regulator should be used which will main- 
tain the opening of the superposed turbine control valves 
at the proper point to pass all of the steam which can be 
generated by the high-pressure boiler. These various 





velopment of a bellows capable of withstanding high 
pressure and of taking large deflections. 

To meet these requirements, a machined and welded 
bellows was developed as shown in Fig. 1. 

Each ‘‘U”’ shaped piece is machined separately and 
then a sufficient number of these pieces are welded to- 
gether to obtain the proper length of bellows. This 
construction permits accurate control of the thickness of 
the bellows wall, and prevents local high stresses in the 
bellows due to variable wall thickness. 

It is also possible after welding to heat treat this steel 
bellows and obtain a much higher elastic limit in the ma- 
terial than is possible in a formed section and it insures 
the maximum of dependability of the bellows together 
with an adequate stroke to provide against loss of 
adjustment. 
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Fig. 2—Diagram of superposed turbine control 
with bypass station 
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pressure regulators should be designed so that failure 
will not cause complete loss of load on the controlled 
turbine. 

The back-pressure regulator can be designed so that a 
failure of the bellows or pressure-responsive device will 
tend to open the superposed turbine valves and increase 
the turbine load. Failure of the pressure-responsive de- 
vice on the initial-pressure regulator will, however, cause 
a closing of the superposed-turbine steam valves and a 
loss of turbine load. 

Up to the present time the pressure control for these 
high pressures has been accomplished by either a Bourdon 
tube or a heavy formed bellows, in either of which condi- 
tions the possible movement of the pressure-indicating 
device is very small. 

In order to prevent change in setting over long periods 
of time, it was thought advisable to design the initial- 
pressure regulator with a long stroke so that small 
changes in adjustment would have less effect on the pres- 
sure setting of this device. This necessitated the de- 
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Another problem of superposed turbine operation, 
which is encountered where only high-pressure boilers 
are used for total plant load, is protection of low-pressure 
load in case of loss of the load on the superposed turbine. 
This is generally accomplished by use of a bypass station 
which will automatically come into operation when the 
high-pressure steam is shut off from the superposed tur- 
bine. 

The same conditions as described for control of the 
superposed turbine should be fulfilled in the design of the 
bypass station. The bypass station should, therefore, 
open and supply steam to the low-pressure turbines when 
the low pressure drops below a predetermined point. 
This would occur if there is sufficient high-pressure steam 
to supply this demand. The bypass station should not 
open and drop the high-pressure boiler pressure when 
there is not high-pressure steam available. 

Fig. 2 shows, diagrammatically, a typical superposed 
turbine installation with a bypass station and the con- 
trols necessary for satisfactory operation. It will be 
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noted that the initial-pressure regulator will close the 
steam valves on the turbines when there is a drop in 
initial steam pressure. The setting of the initial-pressure 
regulator on the superposed turbine is such that a drop 
in pressure of 20 per cent will shut the superposed-turbine 
steam valves to a point which will permit only the flow of 
no-load steam to the superposed machine. 

The setting of the initial-pressure regulator on the low- 
pressure turbines will be such that a drop of 50 per cent in 
the initial pressure to the low-pressure turbines, will shut 
the low-pressure turbine steam valves to a point permit- 
ting only the flow of no-load steam to the low-pressure 
turbine. 

By means of the regulator shown in Fig. 2, it is possible 
to vary station load by the operation of the speed gover- 
nor on the low-pressure turbine and still protect the sta- 


It consists of an adjustable position permanent-mag- 
net connection shown at A between the operating gover- 
nor and the stationary part of the turbine. When the 
magnet is in contact with the core C, the governor is 
prevented from moving toward full-load position, but 
by means of the sliding connection D can always move 
toward no-load position. The strength of the permanent 
magnet fixes the speed at which this magnet is pulled 
apart by the governor, and as this build-up in force in 
the governor is due to speed change, the pullout point 
of the magnet can be set for a definite speed drop on the 
system. 

If the governor is set so that its speed setting is 1 to 11/2 
per cent high and if the magnet can still hold the governor 
from moving in this position, it is then possible to pre- 
vent movement of the governor and consequent shut- 




















Fig. 3—Magnetic pullout 
device for speed governor 

















tion against complete loss in case of excess demands on 
the station or a decrease in flow from the boiler. 

Where a steam station is operated in conjunction with 
water-power plants, it is often necessary to maintain the 
former at light loads during periods of high water. 


Use of Fixed Bypass 


Steam turbines operated on the speed governor at light 
loads have been provided with a fixed bypass around the 
control valves to supply cooling steam to the turbine in 
case a rise in speed should cause shutting of the steam- 
turbine control valves. 

On superposed turbines a fixed bypass around the con- 
trol valves is difficult to obtain, as the amount of steam 
required for cooling large machines of this type makes 
governing difficult. A fixed bypass around the control 
valves of condensing turbines also makes governing 
difficult even though the amount of cooling steam is less. 

In order to provide protection against overheating, a 
magnetic pullout device is provided on the operating 
governor. This, as shown in Fig. 3, is in effect a speed- 
controlled load-limit device, arranged so that a prede- 
termined rise in speed will permit closing the valves and 
a predetermined drop in speed will cause the valves to 
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ting of the steam valves on an increase of speed of 11/2 
percent. By proportioning the strength of the magnet, a 
drop in speed from this previous setting of 1 to 1'/2 per 
cent will be able to pull the magnet apart and cause open- 
ing of the steam valves, under which conditions the tur- 
bine will take full load. 

Superposed machines of 25,000 kw and over should 
also be provided with a device which will prevent motor- 
ing the turbine with insufficient cooling steam. As the 
time required to overheat this type of turbine in these 
sizes is relatively small, it is recommended that the 
generator switch be tripped at any time when the turbine 
is running with insufficient steam to provide the neces- 
sary cooling. 

The indication of this condition may be obtained by 
the measurement of the reverse-power input to the gen- 
erator or by a measurement of the steam flow to the tur- 
bine. The latter is more accurate as it is possible to use 
a group of turbine nozzles as the measuring device and 
use the pressure ahead of these nozzles as the measure of 
steam flow. This flow-measuring device can have the 
same pressure-indicating element as the initial-pressure 
regulator, and can, therefore, be made rugged and ac- 
curate, thus insuring against faulty operation. 
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Milwaukee's Contribution to 
Pulverized Coal Development 


Excerpts from a paper at the A.S.M.E. 
Semi-Annual Meeting, Milwaukee, Wis., 
June 17 to 20, in which the authors review 
the pioneer work in pulverized coal firing 
twenty years ago at the Oneida Street and 
Lakeside Stations of the Milwaukee Elec- 
tric Railway & Light Company. Funda- 
mental investigations and tests at these 
two installations laid the foundation for 
the subsequent rapid and extensive appli- 
cation of pulverized coal firing to central- 
station boilers. 


of pulverized coal as fuel for making steam has 

been outstanding. One cannot think of pulver- 
ized coal without calling to mind the late John Anderson! 
and his associates and their pioneer work in advancing 
the use of pulverized coal. 

To determine the best method of burning powdered 
fuel John Anderson did two things: (1) He made a large- 
scale trial installation of pulverized coal. (2) He pro- 
vided the means for testing this fuel system and of ana- 
lyzing the results which could be obtained with pulverized 
coal. He also indicated the lines of development along 
which the system should advance. 

The impartial attitude of those conducting the tests 
and the thorough manner in which they were carried out 
inspired the confidence of power users who were inter- 
ested in steam generation and caused them to realize that 
pulverized coal offered possibilities worthy of consider- 
ation. 

The trial installation was completed in 1919 at the 
Oneida Street Station of the Milwaukee Electric Railway 
& Light Company on five boilers, each capable of a steam 
output up to 23,000 Ib of steam per hr. Thorough tests 
of this installation showed results sufficiently satisfactory 
to justify the installation of pulverized-coal firing under 
eight large boilers at the new Lakeside Station in 1921. 
Each of these boilers had a steam output of 50,000 to 
100,000 Ib per hr. 

This large installation was tested thoroughly and the 
results showed that the decision in favor of pulverized 
coal was justified. 

In both of these installations the bin-and-feeder system, 
sometimes also called the storage system, was used. The 
coal was fired downward in vertical streams, the burners 
being located in a short arch at the top and at the front 
of the furnace. Coal was mixed only with primary air, 
secondary air being supplied through the front wall in 
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1 Vice President in charge of Engineering, Milwaukee Electric Railway and 
Light Company. 
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and JOHN BLIZARD, 
Research Engineer, Foster Wheeler Corp. 


horizontal streams distributed over its major portion, and 
the burning mixture made a U-path through the furnace. 
This even distribution of fuel and air in the furnace 
proved to be the most important factor in burning pul- 
verized coal successfully. 

Vertical firing also gave stable ignition and uniform 
distribution of fuel and air across the furnace with the 
least impingement of flame against the refractory furnace 
walls. The stability of ignition makes this method of 
firing particularly adaptable to burning fuels low in vola- 
tile, and it is the only method so far developed that is 
successful in burning anthracite and coke. 


Combustion of Pulverized Coal 


The stability of combustion is obtained by mixing only 
a small part of the air needed for combustion with the 
coal. It is the volatile matter in the coal which ignites 
first, after it has been distilled from the coal. A small 
amount of air with the coal creates a rich mixture with 
the distilled gas and this ignites readily at a temperature 
of 1100 to 1200 F. A small weight of the rich mixture 
requires less heat to raise its temperature to the distilla- 
tion and the ignition points. The most common cause of 
unstable ignition is too much air with the coal. Even in 
the so-called turbulent horizontal burners, the secondary 
air is kept away from the mixture of primary air and coal 
until ignition has been started. 

Analysis of several gas samples collected simultane- 
ously in the first pass of one of the Oneida Street boilers 
showed that the composition was nearly uniform over the 
entire pass, which fact indicated good fuel-and-air dis- 
tribution in the furnace. 

A study of furnace temperatures was also made on 
several tests. The temperature varied from 1500 to 
2700 F, depending upon the location within the furnace, 
and was highest where the combustion process was most 
intensive. Fig. 1 shows these temperature measurements 
connected by lines of constant temperatures. The high- 
est temperature zone was about 2 ft above and slightly 
beyond the shelf where the burning mixture was turned 
by the shelf toward the rear of the furnace. The im- 
pingement of the stream of burning mixture against the 
shelf and the sudden change in the direction produced 
intensive mixing which, in turn, caused rapid combus- 
tion. 

Combustion liberates heat which raises the tempera- 
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ture of the burning mixture. The rise in temperature 
increases the radiation, which is proportional to the 
fourth power of the absolute temperature of the mixture. 
Heat travels by radiation to any body which is in the 





direct path of the radiation. This body may be a boiler, 
furnace wall or a body of the mixture in other parts of the 
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Fig. 1—Isothermals in the furnace 
(Reproduced from ref. 3, U. S. Bureau of Mines, Bulletin No. 223, Fig. 30) 


furnace which is at lower temperature. High tempera- 
ture in any part of the furnace generally means high heat 
liberation in that part of the furnace. When the radia- 
tion to other parts of the furnace exactly balances the 
tendency of the temperature to rise, the temperature re- 
mains constant. 

The temperature readings were used to study the rela- 
tions between the rate of firing, excess air and tempera- 
tures prevailing in pulverized-fuel furnaces. A chart 
was prepared and included in Bulletin No. 223 of the 
U. S. Bureau of Mines, describing the tests at Oneida 
Street. This chart showed the amount of heat which 
must have been removed from the products of combus- 
tion when these products reached a specified tempera- 
ture. Fig. 2 is similar to the chart shown originally but, 
in constructing it, more recent values of the specific heats 
of the gases have been used. No dissociation of the gases 
has been allowed for in preparing this chart. When this 
coal is burned with neither a deficiency nor an excess of 
air, the heat remaining latent, owing to dissociation, is 
less than 0.5 per cent at 2700 F, slightly above 1 per cent 
at 3000 F, and about 7 per cent at 3600 F. Accordingly, 
dissociation has little bearing on the estimation of the 
temperatures and heat absorption, although it is interest- 
ing to note that, when dissociation is allowed for, the 
maximum attainable temperature is about 3600 F for 
this coal burned with air at 90 F. 

The highest temperature in the furnace, attained by 
thermocouple readings, was about 2700 F; the heat ab- 
sorbed by the coil at the bottom of the furnace amounted 
to about 10 per cent of that in the coal and the CO, 
was 15 percent. The chart, Fig. 2, shows that for these 
conditions the maximum temperature attainable was of 
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the order of 3000 F, or 300 deg higher than the highest 
temperature measured. This difference is caused partly 
by additional radiation to the boiler tubes, partly because 
the combustion process at that point has not been com- 
pleted, and partly by the thermocouple being at a tem- 
perature somewhat below that of the surrounding gases. 

On the chart, two curves (1)-(1) and (2)-(2) may be 
noted, which show the temperatures at which the gas 
would leave the furnace if the rate of heat absorption per 
square foot of projected area of the opening to the boiler 
tubes were given by the expression 1700(7/1000)*, 
where 7’, the temperature of the gas leaving the furnace 
is in degrees absolute. The upper curve (1)-(1) is for a 
rate of combustion of 1350 lb of coal per hr and the lower 
curve (2)-(2) is for a rate of combustion of 2000 Ib of coal 
per hr. The projected area of the boiler aperture was 
76.5 sq ft, and there was no cooling coil in the furnace. 
This empirical method of determining the temperature 
leaving the furnace was described in Bureau of Mines 
Bulletin 233, and has been used since by many investi- 
gators. 


Measuring Temperature of Gases Leaving Furnace 


The temperature of gases leaving the furnace was 
measured on several tests. Six bare thermocouples of 
No. 22 gage wire were inserted through the lowest row 
of staybolt holes into the path of the gases entering the 
nest of tubes, and the hot junctions were moved succes- 
sively in eight positions 1 ft apart. The average of 
these temperature readings was from 250 to 300 deg 
lower than the temperature of the gas determined from 
the chart in Fig. 2. This difference was caused partly 
by the temperature of the thermocouple being lower than 
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Fig. 2—Heat emitted, per cent heat in coal to bring prod- 
ucts of combustion to various temperatures 


the surrounding gas by an amount which was probably 
of the order of 100 deg, and also by the fact that the low- 
est row of staybolt holes was above the first row of boiler 
tubes which absorbed some heat by convection. 
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The presence of coils at the bottom of the furnace of the 
Oneida Street boiler presented the unique opportunity of 
measuring the rate of heat absorption in a pulverized-coal 
furnace. The largest coil had a projected area of 30 sq ft 
and was constructed of 2-in. pipe spaced apart on about 
3-diameter centers. 

The rate of heat absorption by this coil was of the order 
of 30,000 Btu per sq ft of total surface per hour, this rate 
varying very little with the rate of firing, which is con- 
trary to experience with the rate of heat absorption of 
superheaters placed in the walls of furnaces, where it is 
almost directly proportional to the rate of firing. 

The development of the use of superheaters in pulver- 
ized-coal furnaces occurred at the Lakeside Plant at Mil- 
waukee, and they have been used in later installations. 

The furnaces of the Oneida Street installation, like all 
furnaces at that time, had solid refractory walls. The 
wasting away of the refractory furnace wall was excessive 
particularly when the flames impinged against it. Verti- 
cal firing caused the least impingement. The ash, col- 
lected at the bottom of the furnaces, fused and was diffi- 
cult to remove while the furnaces were in operation. 
Studies were, therefore, made to determine to what ex- 
tent water-cooled surfaces would keep the bottom of the 
furnace cool and prevent the fusion of the ash. Also, 
efforts were exerted to devise some means to cool the fur- 
nace walls and prevent, or greatly reduce, the wasting 
away of the refractory lining. 

As a result of the studies at the Oneida Street Station, 
the furnaces at the Lakeside Station were built with air- 
cooled refractory walls. The air used for combustion 
was supplied to the furnace through long channels in the 
walls, thus absorbing some heat from the refractories and 
lowering their temperature. The air entered the rear 
wall and flowed through the sides to the front wall where 
it was distributed by zoned air ports to the furnace. 


Evolution of the Water-Cooled Furnace 


One of the furnaces at the Lakeside Station was also 
equipped with a row of water-cooled tubes over the bot- 
tom to keep the ash deposit from fusing and to make its 
removal easy. This row of tubes was connected into the 
circulation of the boiler. After a thorough testing of this 
device, all of the other boilers were equipped with similar 
water-cooled screens, which was the first step toward 
water-cooled furnaces. 

It was interesting to hear the various predictions of 
what would happen, while the first water-cooled screen 
was being installed. Some predicted that the tubes 
would burn up, and others that the cold surfaces in the 
furnace would hinder combustion and produce black 
smoke. Neither of these difficulties occurred and the 
results were very satisfactory, indicating the probability 
of success of completely water-cooled furnaces. This 
indication was later fulfilled when the high-pressure boil- 
ers with completely water-cooled furnaces were installed 
at the Lakeside Station. In recent years, the water- 
cooled furnaces of high-pressure installations have be- 
come the main water-evaporating surfaces. The remain- 
der of the boiler evaporates less than 20 per cent of the 
water. 

When the difficulties with the wasting away of the re- 
fractories of the furnace wall became very pronounced at 
higher ratings, it was thought that, if refractories having 
the correct qualities were used, this wastage could be 
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avoided or at least greatly reduced. A number of high- 
grade refractories, some of them very expensive, were 
tested by subjecting them to the pulverized-coal flame. 
While some of these gave better results than others, none 
could be considered as entirely satisfactory. Such re- 
fractory tests were repeated by others, apparently with 


the same conclusions. In most of the present-day pul- 
verized-coal installations, refractories are eliminated as 
far as possible, and the furnaces are completely water- 


“cooled. 


The best rate of combustion in the refractory-lined 
furnaces of the Oneida Street and Lakeside Stations was 
between 1 and 1.5 Ib of coal per cubic foot of furnace vol- 
ume per hour. The upper limit of the rate of combustion 
was the slagging of the ash and excessive wasting away 
of the refractory furnace lining. To minimize these ob- 
jectionable features, higher excess air was used at the 
higher ratings. With modern water-cooled furnaces, the 
rate of combustion is brought up to 2.5 and 3 lb of coal 
per cubic foot of furnace volume per hour. The upper 
limit is set by the slagging of the boiler and superheater 
surfaces. This increase in the rate of combustion has 
been made possible by the development of water-cooled 
furnaces rather than by an advance in the art of com- 
bustion. 

While it is true that the combustion in modern water- 
cooled furnaces is more rapid than in the old-time refrac- 
tory furnaces, this quicker combustion is obtained by 
more intensive mixing, made possible by the water-cooled 
furnaces. Intensive mixing is likely to make the flame 
sweep over the surfaces of the wall, which would cause 
rapid wasting of the wall of the refractory furnaces but 
does not harm the water-cooled walls, provided the inner 
surfaces of the tubes are kept free from scale. 


Effect of Fineness of Coal on Combustion 


During the Oneida Street Station tests, investigations 
were made of the effect of fineness of coal on the complete- 
ness of combustion. It was then generally believed that 
coal to be burned successfully in pulverized form must be 
pulverized to a fineness of 85 per cent through a 200-mesh 
screen. The fineness was varied from 64 to 94 per cent 
through a 200-mesh screen but, at the low rates of com- 
bustion made necessary by the refractory furnaces, the 
effect of the fineness was negligible. The Illinois coal 
burned at this plant had high volatile content which caused 
the coarser coal to burn readily. It is well known today 
that the low-volatile eastern coals give better results 
when pulverized to a higher degree of fineness. 

Investigation was also made of the extent to which coal 
must be dried in order to be burned successfully in pulver- 
izedform. At that time it was thought that the moisture 
must be reduced to about 1 per cent in order that the coal 
might be burned successfully. The entire Oneida Street 
Station was operated with undried Illinois coal for a 
period of 3 weeks. No appreciable difference in the effi- 
ciency of combustion was found. Slight difficulties were 
encountered in the pulverization and the feeding of the 
undried coal, but these difficulties were not considered as 
serious. 

During these investigations, it was observed that most 
if not all of the power used in the pulverization of coal 
was dissipated as heat, and the temperature rise of the 
coal and air, the evaporation of some of the moisture in 
the coal and the radiation from the mill system accounted 
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practically for all of the power input. The amount of 
energy absorbed by the process of disintegration of the 
coal was apparently so small that it could not be mea- 


Developing a System for Drying Coal Before Pulverizing 


In those days, the coal was dried in rotary driers which 
were bulky and expensive, and their use was, therefore, a 
decided hindrance to development of the use of pulver- 
ized coal. Efforts were, therefore, directed toward the 
elimination of these driers. Experiments were made 
with drying in the mills and also drying coal in the bin by 
passing heated air through the raw coal. Fires which 
were encountered in these experiments discouraged the 
use of these methods of drying. 

Mill-drying was attempted by heating with steam coils 
the air returning to the mill in a storage system. This 
air carried a quantity of very fine coal dust, some of which 
settled on the steam coils and ignited. This fire hazard 
indicated rather strongly that this was not the correct 
way to dry coal in the mill. It should be stated here that 
any air, which is vented from the mill system to remove 
the moisture, also carries out some of the coal dust which 
not only is a definite loss, but also forms a nuisance by 
spreading coal dust on the premises. It was the desire to 
keep this loss and nuisance very low that led to the ex- 
periment of drying the coal by heating the return air 
with steam coils. 

Drying in the mill with hot flue gases in the storage 
system, and with heated air in direct firing was later 
undertaken and developed to the present state of almost 
universal application. In the storage system, hot flue 
gases or hot air are added to the mill system to supply the 
heat. The same weight of gases or air must be removed 
from the system in order to carry the moisture out of the 
mill and to keep the amount of gases circulating in the 
system constant. The vent losses and nuisance are kept 
under control in various ways. In the direct-fired sys- 
tem, heated air is supplied to the mill and is all discharged 
into the furnace with the coal. 

Considerable time was devoted to drying of coal by 
flue gases in a specially designed drier. The coal flowed 
by gravity through the driers on its way from the raw- 
coal bunker to the mill, and hot gases were forced through 
the coal while in the driers. Frequent hanging of the 
coal in this drier and, at times, fires starting in the hang- 
ing coal were very discouraging, particularly when the 





coal was very fine and wet. This type of drier was sound 
in principle but the practical difficulties proved so great 
that its use was abandoned. 


Solving the Fly-Ash Problem 


The flue dust from the pulverized-coal furnace received 
considerable attention from those working on the de- 
velopment of the use of pulverized coal as well as from 
outsiders who worked against its development. Milwau- 
kee was pictured as a modern Pompeii buried in ash from 
pulverized-coal installations. There was no doubt but 
that the fly ash was and still is a problem which defies an 
easy general solution. John Anderson decided on a 
special solution of this problem for the Lakeside Station. 
Each battery of four boilers was connected by an under- 
ground flue to a concrete stack located about 50 ft from 
the boiler plant. Part of this underground flue was made 
into a wet scrubber. A number of wooden grids with 
water spraying over them were placed in this flue in the 
path of the gases. A large part of the dust in the stack 
gases was caught on the wetted surfaces of the grids and 
was washed away by the water sprays which also kept 
the wood from burning. Although considerably better 
than 50 per cent of the dust was removed, the gases at the 
top of the stack still retained their cloudy color. The 
scrubber removed the larger particles of the dust which 
cause most of the nuisance, while the very fine particles 
which give the discharge the cloudy color remained in the 
gases. 

If a higher draft loss can be tolerated, the gas passages 
through the grids may be made smaller, thereby increas- 
ing greatly the efficiency of the scrubbing. More re- 
cently, in some of the English gas scrubbers of somewhat 
similar design, over 95 per cent of the dust has been re- 
moved from stack gases. 

In reviewing the work done in Milwaukee, one is im- 
pressed by the great number of fundamentals which were 
investigated. Although no experiments on the removal 
of ash as a liquid were made there, little else of impor- 
tance remained untouched. The effect of fineness on com- 
bustion, drying coal in the pulverizer, the excess air in the 
flue gas, the temperature and heat absorption in the fur- 
nace, methods of obtaining a thorough account of the 
distribution of the heat and ash from the coal, and the 
elimination of dust from the flue gases were all studied 
before pulverized coal became the commonly used fuel 
it now is for firing power-plant boilers. 
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Electrical Output in U. S. 


The following data cover the generation (in thousand 
kilowatt-hours) of all private and governmental plants, 
as well as certain industrial and mining plants which con- 
tribute to the public supply, as issued on May 29, 1940, 
by the Edison Electric Institute. 






































1940 1939 % 1938 1937 
8,762,618 6,640,430 +32.0 5,857,227 6,072,587 
3.119.637 3,671,439 —15.0 3,513,994 — 3,795,856 
11,882,255 10,311,869 +15.2 9,371,221 9,868,443 
7,645,453 5,604,409 +36.4 4,966,139 5,531,098 
3,132,546 3,769,652 —16.9 3,519,440 3,453,875 
10,777,999 9,374,061 +15.0 8,485,579 8,984,973 
7,314,855 5,872,551 +24.6 5,309,587 6,134,490 
3'855,503 4,380,292 —12.0 3,918,139 3,841,263 
11,170,358 10,252,843 + 8.9 9,227,726 9,975,753 
5,363,065 4,709,378 5,537,224 
4,306,690 3,999,374 _ 4,102,257 
9,669,755 8,708,752 9,639,481 
5,987,505 5,062,098 5,421,658 
4.079.455 3,812,137 4,331,466 
10,066,960 8,874,235 9,753,124 
6,549,080 5,337,590 6,139,396 
3,698,860 3,657,949 3,715,337 
10,247,940 8,995,539  — 9,854,733 
6,975,255 5,694,331 6,783,862 
3,395,650 _ 3,622,831 _ 3,340,268 
10,370,905 9,317,162 10,124,130 
7,480,839 6,200,695 7,171,030 
3,453,220 3,761,549 3,243,513 
10,934,059 9,962,244 10,414,543 
7,783,748 6,182,673 6,854,208 
3,040,226 3,441,560 3,159,682 
10,823,974 9,624,233 10,013,890 
8,484,984 6,664,683 6,880,888 
3,052,658 3,324,248 3,288,050 
11,537,642 9,988,931 10,168,938 
8,218,745 6,548,017 5,948,652 
3,121,587 3,464,241 3,636,054 
11,340,332 10,012,258 ~ 9,584,706 
8,630,716 6,734,882 6,213,918 
3,105,261 3,814,802 3,563,838 
11,735,977 10,549,684 9,777,756 
83,591,327 69,267,300 74,689,011 
43,074,990 43,850,264 43,471,459 
126,666,317 113,117,564 118,160,470 
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Use CAREY HI-TEMP Blocks, Pipe Covering 
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Low-pressure element of a 100,000-kw turbine-generator nearing completion in the 
General Electric shop at Schenectady for Public Service Electric & Gas Company’s 
Burlington, New Jersey, Station. The complete unit, first of its type in this country, 
embodies a cross-compound, quadruple-flow construction. It is the largest com- 
bination ever built to operate at 3600 rpm, a feature of the unique design which per- 
mits use of higher steam temperatures and pressures than tormerly used in machines 
of similar capacity. The unit will use 950 F steam at 1250 lb per sq in. gage pressure. 
Generators will be hydrogen-cooled. The high-pressure element (not shown) is of 
double-shell construction and will utilize 14 stages. 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





Forced-circulation Boilers in England 


The concluding section of Sir Leonard Pearce’s Thomas 
Hawksley Lecture before the Institution of Mechanical 
Engineers appears in the May 10 issue of Engineering 
and deals largely with the installation of forced-circula- 
tion boilers in British power stations. These are listed 
in the accompanying table. Attention is called to the 
preponderance of stoker firing in contrast to the tendency 
to use pulverized coal for large units in the United States. 


and water to the same drum in which the separation of 
steam takes place. The quantity of water circulated is 
six to eight times the maximum continuous rating for the 
La Mont and ten to twenty times for the Velox, this 
quantity remaining constant irrespective of the loading. 

The ‘“‘once-through” principle is employed in the 
Benson, Sulzer and Ramsin types. The main feed 
pump constitutes the circulating agent, and the feed 
to the boiler is regulated exactly by the steam output 
required, the distinguishing feature being the absence of 


SPECIAL FORCED-CIRCULATION TYPE BOILERS INSTALLED OR ON ORDER IN GREAT BRITAIN. 












































Puree No. Capacity.* _— Steam Feed it sein 
perating of “ em- em- ‘em- e 
Station. Company. Boil- — pera- pera- | pera- of Firing. Notes 
ers. | N.E.R. | M.C.R. : ture. ture. ture. 
Lb. per | Lb. per | Lb. per | Deg. F. | Deg. F. | Deg. F. 
hr. hr. sq. in. 
La Mont boilers. 
Deptford West | London Power Co. 1 280,000 | 350,000 350 | 780-850 240 100 —- 
stoker 
Willesden (Tay- | North Metropolitan 3 | 120,000 | 150,000 | 1,400 960 | 350-360 60 Chain grate 
lors-lane) Electric Power Co. stoker 
H.M. Ship ..| Admiralty we 1 110,000 | 125,000 300 640 211 80 Oil .. 
Wolverhampton} West Midlands 4 120,000 400 850 315 90 Chain grate 
Joint Electricity stoker 
Authority 
British | Dye-| Imperial Chemical 2 75,000 650 788 300 70 Chain grate 
stuffs (Hud-| Industries stoker 
dersfield) 
Wallerscote Imperial Chemical 1 60,000 | 75,000 800 777 356 100 Chain grate 
Works Industries stoker 
(Northwich) 
West Bank ..| Castner Kellner 2 60,000 | 75,000 625 914 | 315-325 80 Chain grate 
Alkali Co. (Im- stoker 
perial Chemical 
Industries) 
Works, Glasgow! G. and J. Weir .. 1 40,000 | 50,000} 1,000 850 216 60 o- grate 
stoker 
Sulzer boilers. 
Col- | Powell Duffryn As- 2 | 110,000 | 130,000 | 1,565 770 445 Pulverised | Also reheat- 
liery sociated Collieries fuel ing at 366 
Ib. per sq. 
in. to 770 
deg. F. 
Warrington ..| Thames Board Mills} 3 65,000 | 81,250/ 1,400 800 300 o- grate 
stoker 
Loeffler boilers. 
Brimsdown North Metropolitan 2 | 175,000 | 210,000 | 1,900- | 932-940 | 355-362 Chain grate | Also reheat- 
baa Electric Power Co. 2,000 stoker ing 5 ” 
> 2 81 
Brimsdown North Metropolitan 2 | 200,000 | 250,000 | 1,900— | 932-940 | 355-362 Chain grate | Also reheat- 
“5 * Electric Power Co. 2,000 stoker ing at 315 
ib. per 8 
in. to 
deg. F. 
Velox boilers. 
Haslar Experi- | Admiralty aa 1 112,000 300 630 | 150-250 77 Oil . 
mental Sta- 
tion 
The more familiar types of these boilers may be con- any drums. The continuous circuit is analogous to an 


veniently classified into two main groups, first those in 
which water is circulated, and, second, those in which 
steam is forced through the tubes. Most types operate 
on the former and these may be further subdivided into 
“forced circulation’ and ‘‘once-through” types. The 
La Mont and the Velox are examples of forced circula- 
tion. The pump is placed in the closed water circuit 
of the boiler and withdraws water from the drum, passes 
it through the tubes and returns the mixture of steam 
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economizer, boiler and superheater in series, and at some 
point toward the end of the boiler and the beginn.ng of 
the superheater section the water is completely con- 
verted into steam. To overcome the resistance of the 
circuit the pressure at the inlet requires to be from 20 to 
40 per cent in excess of the final steam pressure. Elab- 
orate control devices are required to regulate the feed 
and fuel quantities and the steam temperature. 

The well-known example of the steam-circulation 
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Yarway Blow-off Valves 
are used singly or in tan- 
dem in more than 12,000 
plants in 67 different in- 
dustries ... Regarded as 
a standard of quality by 
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Yarway Seatless Blow-oft 
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Valve is closed, shoulder S 
on plunger V contacts with 
upper follower gland F, 
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and compressing pack- 
ing P above and below 


eleba emmy Uststtt lob diet colo) ,- mE @) YARNALL-WARING 
connects with Alemite 
fitting A for lubricating COMPANY 


plunger and packing. 
Yoke springs T main- 
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Valve for pressures 
from 600 lbs. to 
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less and Hard Seat 
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type is the Loeffler boiler, in which a steam drum is 
provided external to the boiler proper. As distinct 
from the water-circulation boilers in which the pump 
output remains constant irrespective of load, the steam 
pump of the Loeffler boiler is varied in output according 
to the load on the boiler. This type of boiler can be 
used economically only in the steam pressure range 
from 1700 to 2000 Ib per sq in., due to the excessive 
power which would be absorbed by the steam pump if 
lower pressures were employed. 

The author cited advantages of forced-circulation 
boilers as: (1) ability to use smaller tubes, hence re- 
duced wall thickness for high pressures; (2) reduction in 
number or, in some cases, the elimination of drums; (3) 
freedom to distribute the heating surface to the greatest 
advantage with respect to heat transfer; (4) ability to 
obtain large evaporation in a given space; (5) reduction 
in weight per unit of output and claimed absence of 
troubles from scale formation inside the tubes. Off- 
setting these advantages is the inclusion of pumping 
equipment, which absorbs power continuously, and the 
necessity in many cases for elaborate control equipment 
and protective devices. 


Marine Superheaters 


A paper by Harry Hunter before the North-East 
Coast Institution of Engineers and Shipbuilders, repro- 
duced in the April issue of The Shipbuilder and Marine 
Engine Builder (London), discusses the effect of steam 
flow on the metal temperature of marine superheaters 
for steam temperatures of 700 to 800 F. The necessity 
of keeping down the wall temperature by adequate 
circulation was emphasized by the results of some tests 
on 1/3-in. mild steel superheater tubing in which the 
gas temperature outside the tube was varied and no flow 
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Curves showing effect on steam and metal temperature of 
reduction in rate of flow through superheater 


within the tube was maintained. Ata wall temperature 
of 1750 F the life of the tube before failure was about 6 
min; at 1600 F it was 3 hr; at 1400 F, 80 hr; and at 
1200 F, approximately 3000 hr. The accompanying 
chart shows the effect on steam and metal temperatures 
of a reduction in the rate of steam flow through the 
superheater while maintaining a constant gas tempera- 
ture of 1200 F. This applies to the counterflow arrange- 
ment. 
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Discussing a common arrangement in marine practice 
where, to meet partial load conditions, the designer 
arranges one furnace with and the other without super- 
heater elements, or elements suitably remote, Mr. 
Hunter cited the simple case where saturated steam is 
flowing through a pipe that branches into two identical 
pipes and joins again into a single pipe. At high rates 
of flow the quantities of steam passing through the two 
branches will be equal. If, however, heat is applied to 
the first branch so that the steam therein is superheated 
its volume will be increased and there will be a reduction 
in the amount passing. Thus, if one-half of a super- 
heater be fired and the other half be dead, a smaller 
quantity of steam will pass through the former, even to 
the extent of 50 per cent or less. Therefore, as the 
author points out, “in laying out such arrangements it 
is well to bear in mind this inconvenient tendency of 
steam to avoid the superheater, and this is best met by 
giving it no alternate path.” 


New Plant at Hong Kong 


The Power and Works Engineer (London) for May 
describes the new Hok-Un Power Station at Hong 
Kong, China, which was officially placed in service 
February 26 last. This new plant is laid out for four 
boilers, one of 120,000-lb per hr capacity and three of 
200,000 Ib per hr, two of which are already installed and 
a third on order with International Combustion Ltd., 
of England. The units are of the three-drum, bent- 
tube type with furnaces having plain water walls on the 
sides and upper front wall and suspended refractory 
arches front and rear over the traveling-grate stokers. 
While the drums of the smallest unit are of riveted 
construction, those of the larger units are forged. Steam 
is supplied at 400-lb pressure and 700 F from feedwater 
at 270 F. 

The stokers are of the twin type, and those for the 
larger boilers are of particular interest because of their 
size, the total grate area being 756 sq ft. The stoker 
for the 120,000-lb per hr unit is 29 ft wide by 20 ft 
long. Preheated air is supplied by plate-type heaters 
at around 120 F. An economizer, one forced-draft, one 
induced-draft and two secondary-air fans form a part 
of each unit. 

The turbine room is arranged for three turbine- 
generators of 12,500, 20,000 and 30,000 kw, respectively, 
the first now being in service, the second on order and 
the third deferred pending load requirements. How- 
ever, the foundations, pump pits and circulating tunnels 
for all three sets have been completed. 


Cleaning Boiler Surfaces 


E. Schuman in Die Warme, Vol. 62, No. 49, describes 
a method of cleaning the external surfaces of boiler 
tubes, when the unit is shut down, by a combination 
steam and ammonia treatment. This consists of ex- 
posing the surfaces to be cleaned for several hours to 
steam that has been passed through a 20 to 25 per cent 
solution of ammonia in water. The mixture is said 
to penetrate and disintegrate the deposits so that they 
come away readily and the neutralizing action of the 
ammonia is said to prevent corrosion and leave the sur- 
faces bright. 
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boilers is weighed 
with — 


RICHARDSON 


Automatic 
SCALES 


The sooner you install Richardson Scales in your 
boiler room the sooner will you be in a position to 
control operations and cut costs. 


These modern automatic scales remove the costly 
“guesswork”’ about fuel consumption—do away 
with the danger of miscounting weights—guard 
against forgetting to record weights. Richardsons’ 
do the work automatically and continuously and 
record the weights on a reliable mechanical counter. 


Richardson Scales have soon returned their cost in 
hundreds of plants. There is a size and type to fit 
your particular boiler room layout. Write today for 
Booklet No. C-6239. It points the way to better 


boiler performance and lower power costs. 


RICHARDSON SCALE COMPANY 
CLIFTON, NEW JERSEY 








Avoid the risk of costly 


shut-downs with dependable 


Reliance 
WATER LEVEL ALARMS 


Thousands of engineers insist on having 
Reliance Alarms on their boilers—men who 
can boast of outstanding power plant opera- 
tion, without time lost in shut-downs, and 
without fear of damage from water level acci- 
dents. The Alarm’s sensitive mechanism re- 
sponds instantly to dangerously low or high 
water levels—warns boiler-room men by shrill 
whistle or electric signal. Sturdily built to take 
the punishment of operating conditions. 

The busier you are the more it pays you to keep 
power flowing, and protect your reputation 
for efficient low-cost power plant operation. 
Write today for full information on the Alarm. 


The Reliance Gauge Column Company 
5902 Carnegie Avenue Cleveland, Ohio 
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Influence on Heat Transmission of Air 
in Superheated Steam 


In VDI Zeitschrift of March 2, 1940, there is a review 
of the investigation by K. Jaroschek of the influence of 
the presence of air in superheated steam upon the heat 
transfer in heat exchangers. As the air content increases 
in the steam, while the total pressure remains constant, 
the steam pressure and the equivalent saturation tem- 
perature fall. Above all, however, the air enriches at 
those places where condensation occurs and forms a sort 
of padding through which the steam and heat pass with 
difficulty. 

Jaroschek’s tests were made on a Koerting heat ex- 
changer. Instead of taking readings at steam tempera- 
tures varying with the air content, the test readings were 
made at the temperature which air-free saturated steam 
would have at the given total pressure. In this way the 
difficulties of otherwise involved evaluations were avoided 
and values of heat transfer were obtained that are easily 
applicable to practice. 

The figure shows the resulting transfer rates k in rela- 
tion to the steam loss, i.e., to the fraction of the quantity 
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Percent Loss of Entering Steam 


Variation of heat transfer rate k with air content of super- 
heated steam at entrance to the heat exchanger and with 
steam loss 
Cooling water temperature 122 F, cooling water velocity 1.18 ft per sec, 


pressure in the heating chamber 29.92 in. Hg. The values of k have 
been converted into Btu per sq ft per deg F 


of entering steam which is withdrawn together with the 
air leaving the vent connections. The curves each repre- 
sent a constant air content for the entering steam. The 
value k = 311.3 Btu per hr per sq ft per deg F was 
determined by tests made while no air was artificially 
added and the steam contained 0.45 per cent by volume 
of air. The forms of the remaining curves are explained 
as follows: 

For entering steam with a given air content, a decrease 
in the amount of steam escaping with the air through 
the vent, resulting in an increase in the final air, de- 
creases the heat transfer rate. Thus the curves fall 
with decrease in steam loss. Likewise, it will be seen 
that for a given steam loss, the heat transfer rate k 
decreases with increasing air content of the entering 
steam. The dashed line shows the variation of k for 
constant air content at the vent connection. In this 
case the heat transfer rate will rise if the air content of 
the entering steam and therewith the average air content 
within the heat exchanger decreases. This explains the 
rise of the dashed line toward the left where it intersects 
the curves for smaller initial air contents. 
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An important practical result of these tests is that one 
may increase the capacity of a given heat exchanger 
receiving air-laden steam if an increased steam loss is 
permitted and inversely the steam loss may be substan- 
tially reduced for a given capacity if a suitably larger 
heating surface is provided. 


Reciprocating Boiler Feed Pumps 


Writing in Engineering and Boiler House Review of 
May, D. W. Rudorff questions why the reciprocating 
boiler feed pump has been almost entirely ignored for 
general power station use, and proceeds to outline 
certain of its advantages and applications for high pres- 
sures as employed with certain forced-circulation boilers 
abroad. 

An interesting example is that at the Brimsdown 
Station in England where two vertical five-plunger 
pumps feed Loeffler boilers operating at 2000 Ib pressure. 
Each pump has a capacity of 240,000 Ib per hr from a 
suction pressure of 305 Ib and discharges against a 
pressure of 2300 lb. The maximum water temperature 
is 375 F and the full-load speed 100 rpm. These re- 
ciprocating pumps operate in conjunction with cen- 
trifugal pumps discharging at 335 Ib. 

The principal reason for the adoption of the reciprocat- 
ing pump as against the centrifugal type in this case 
was its high overall efficiency—an important factor since 
each pump requires an 800-hp motor. The efficiency 
amounts to about 90 per cent over a load range from 


20 to 65 per cent and falls to 87 per cent at full load. 








A COPY OF CATALO 
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These pumps have stainless steel valves and seats, 
cast-steel connecting rods and water-cooled glands. 

Another installation cited is that at the Thermotech- 
nical Institute, Moscow, where two three-throw hori- 
zontal pumps deliver feed to Loeffler boilers against a 
pressure of 2850 Ib. They operate at 130 rpm. 

The author mentions several methods by which the 
output of a reciprocating pump can be controlled over 
a wide range without change of speed. Among these 
is one in which the pump is built in two-cylinder groups, 
with separate crankshafts, the relative angular positions 
of the latter being adjustable during operation. By 
connecting corresponding cylinders of the two groups to 
joint valve chests, the output of the pump at constant 
speed is made a function of the relative angular positions 
of the respective cranks. Pumps of this type have been 
built and are said to be operating most satisfactorily. 


Larger Velox Steam Generators 


The last issue of Brown Boveri Review reports an order 
for two Velox steam generators for the Cia Italo de 
Electricidad in Buenos Aires, Argentina, which will be 
placed in the Pedro Mendoza Power Station. Each of 
these units is designed for an output of 160,000 Ib of 
steam per hour at 540 lb pressure and 840 F, although, 
because of present plant conditions, they will be operated 
initially at 225 Ib and 644 F. Apart from the three 
units previously installed at Oslo, Norway, these are 
the largest oil-fired Velox steam generators ordered to 
date. However, designs have recently been completed 
for two 200,000-Ib per hr units to burn blast-furnace gas. 
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l—Heating and Air 
Conditioning 
(Fifth Edition) 

By J. R. ALLEN AND J. H. WALKER 
600 pages Price $4.50 
Earlier editions of this book represented 
the joint work of the late John R. Allen, 
formerly President of the American So- 
ciety of Heating and Ventilating Engi- 
neers, and James H. Walker, Superin- 
tendent of Central Heating, The Detroit 
Edison Company. In the present edition 
Mr. Walker has carried on in order to 
bring the book abreast of present practice 
in the art of heating and air conditioning, 
particularly the latter which has under- 
gone remarkable development in the last 
few years. Much material has been 
added on controls, air distribution, cooling 
coil performance and cooling load calcula- 
tions. Also, many new problems have 
been added. 

The book is intended primarily as a 
treatise for use in engineering schools 
but it is also a valuable reference for 
practicing engineers in that it contains 
much data on performance, useful charts 
and suggestions that should prove helpful 
in the selection of equipment. All of the 
principal systems are explained and their 
applications discussed. The text is prac- 
tical and employs mathematics only to a 
limited extent. 


2—Gas Engine Handbook 

58 pages Price $1.00 
This has been compiled by the Gas Engine 
Power Committee of the American Gas 
Association and, in addition to basic 
discussions of operating cycles, engine 
types, piston speeds, available power, 
carbureters, etc. The volume also con- 
tains much practical information on lubri- 
cation, ignition, exhaust systems, cooling 
systems, heat recovery, installation 
pointers and control. Many illustrations, 
diagrams and ‘tables have been included 
and should prove most useful. 


3—Heat Power 


By E. B. Norris AND Eric THERKELSEN 
432 pages 6x9 Price $4.00 
Intended to meet the needs of an intro- 
ductory course in the principles and appli- 
cations of heat-power engineering, the 
book departs from the usual approach to 
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the subject by first taking up internal- 
combustion engines, then combustion, 
work, heat and power, steam, and the 
various components of the steam plant, 
and finally, refrigeration. Much of the 
text is descriptive, although fundamental 
principles are fully covered and mathe- 
matics have been used only where neces- 
sary. 

In preparing this second edition the 
authors have replaced the earlier illustra- 
tions by those representative of present 
practice and have included the most re- 
cent available data on the properties of 
gases and the specific heats of gases. The 
chapter on refrigeration has been added, 
as well as a combustion calculation chart 
and answers to problems. 


4—Steam and Hot Water 
~ Fitting 
By Wriiir1am T. WALTERS 
Price $2.00 


This very practical book explains and 
shows by means of various sketches and 
tables how properly to select, design and 
install such systems to secure good heat- 
ing. The essential tools are illustrated 
and their uses explained. Intended for 
students, apprentices, steamfitters and 
designers, the text should also prove very 
useful to many engineers in checking their 
own domestic heating systems. 


184 pages 


5—Engineering Materials 
\ By ALFRED H. WHITE 
6x9 Price $4.50 


Written primarily as a textbook for engi- 
neering students, the book should also 
serve as a useful reference for practicing 
engineers and designers. 

Among the subjects covered are iron and 
its alloys with carbon, heat treatment of 
iron-carbon alloys, the manufacture of iron 
and iron-carbon alloys, the manufacture of 
steel and the influence of its chemical com- 
position, the properties of plain carbon 
steel, gray cast irons and malleable cast- 
ings, steels with one, two or more alloying 
constituents, various other metals and 
their alloys, corrosion and its protection, 
rock products, clays and silicates, cements, 
fuels and combustion, water and its treat- 
ment, organic preservative materials, plas- 
tics and related products. 
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6—Lubricants and Lubrication 
By James I. CLOWER 
6x9 Price $5.00 


Based upon a combination of teaching 
and long practical experience in the lubri- 
cation field, the author has produced a 
book for purchasers and users of lubri- 
cants, as well as for those who design and 
operate machines that must be lubricated. 
The first eleven chapters deal with the 
fundamentals of lubricants of all types, 
including their production, characteristics 
and testing. These are followed by chap- 
ters on the lubrication of steam turbines, 
steam engines, air compressors, refrigerat- 
ing machines and internal-combustion 
engines; also the proper methods to be 
employed in storing and handling lubri- 
cants. An appendix contains an oil- 
measurement table and viscosity charts. 


464 pages 


7—A History of the Growth of 
' the Steam Engine 


‘_u> , By Dr. Rosert H. THURSTON 


( 850 pages 


Price $3.00 


This is a reprint of Professor Thurston’s 
classic treatise on the steam engine, origi- 
nally written in 1878 and subsequently re- 
vised through several editions prior to and 
shortly after the author’s death in 1903. 
The present edition has been brought up 
to date by a supplementary chapter pre- 
pared by W. N. Barnard, Director of the 
Sibley School of Mechanical Engineering, 
Cornell University. 

In this 550-page book, with 182 illustra- 
tions, the story of the steam engine, from 
its beginning down to modern applications, 
is told in a most fascinating manner. De- 
spite the fact that the steam turbine has 
supplanted the steam engine in many 
fields, industry and social progress owe 
much to the latter. In this connection, 
the text links the steam engine with indus- 
trial progress and portrays the contribu- 
tions of numerous pioneers in its applica- 
tion to the stationary, railway and marine 
fields. Aside from providing delightful 
reading, it serves as an informative refer- 
ence, 
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In boiler operation, useful heat 


is that which reaches the water and Dean Tube Cleaner. A vibratory 


produces steam. Heat sent up the Dean will remove all deposit from 
stack because tube incrustation both sides of the tubes and allow 
kept it from going into the water is heat to enter the water—where it 
wasted completely. belongs. 


WRITE FOR FURTHER INFORMATION 


Burned Coal versus Useful Heat 


To eliminate heat waste use the 
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Gaas-Tight... 


oo Baffles are gas tight when con- 

structed, the tubes being snugly mortared into 
self-hardening refractory material. They remain 
gas tight because the patented expansion joints 
prevent cracks and leaks. 


PLIBRICO JOINTLESS FIREBRICK CO. 
1855 KINGSBURY ST., CHICAGO, ILL. 








Beco-Turner Ef 


Beco-Turner Baffles are constructed of 
self-hardening refractory material. 
They can be installed at any angle or 
in any shape necessary to give most 
efficient heat transfer to the tubes. 
The expansion joints shown afford 
relief from temperature changes, pre- 
vent cracking, and keep the baffles ab- 
solutely gas tight. Beco-Turner 
baffles are adaptable to all types of 
water tube boilers. Ask for our big 
catalog covering Beco-Turner Baffles. 
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@ Not far from your plant is an ELEC- 
TRUNITE distributor — with complete 
stocks of these money-saving, electric 
welded boiler tubes. He may be just 
around the corner, several blocks away 
or in a nearby city — but, in any event, 
he can deliver the tubes you need in a 
hurry, and that’s important when a 
boiler is down for repairs and you're 
suffering for lack of boiler capacity. He 
is in business for one purpose — and 
that is to supply you with tubes when 
you need them. 

Now, about the tubes he will send you 
—ELECTRUNITE Boiler Tubes. Their rec- 
ords of service in every type of boiler have 
proved beyond any doubt that they are 


SAFE and SOUND. Acceptance and approv- 
al by central stations, boiler manufactur- 
ers, railroads, insurance companies and 
codes further attest their dependability. 
Their ease of installation has resulted in 
reports of up to 20% savings in installa- 
tion costs. They expand and bead easily 
—make tight joints—speed up installa- 
tion — because they are consistently uni- 
form in diameter, wall thickness, concen- 
tricityand ductility. And theirfine,smooth, 
scale-free surface inhibits corrosion. 
Ask your ELECTRUNITE distributor for 
literature—then call him when you need 
tubes. If you don’t know his name, write 
us. Steel and Tubes Division, Republic: 
Steel Corporation, Cleveland, Ohio. 





yee ELECTRUNITE 


ELECTRIC RESISTANCE WELDED BOILER TUBES 

































FOR CENTRAL STATIONS 
INDUSTRIAL POWER PLANTS 
AND PROCESS PLANTS 


INSTALLED 


by Skilled Workmen under Experienced Supervision 


Speed with care ... when skilled pipe installation 
crews can offer that combination, particularly in 
connection with high pressure and high temperature 
piping, then you can sleep nights. The work will 
be done on time and will be done properly. 


If you have a pipe installation job coming up, you 
ia iihdtak initia will be interested in learning what we have done 
ston a Piping in Cental in central stations, industrial power plants, and 
process plants. 


UNDERGROUND STEAM CONSTRUCTION COMPANY 
Subsidiary of 


E. B. BADGER & SONS CO. 


75 PITTS STREET BOSTON, MASS. 
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Without Increase in Building Height... 





Ljungstrom Air Preheaters add to the high efficiency of the Essex Gener- 
ating Station of Public Service Electric and Gas Company, Newark, N. J. 











Two high efficiency boil- 
ers at Essex Generating 
Station (maximum evaporation 
605,000 Ib. steam per hr. each) 
are equipped with two Ljung- 
strom Air Preheaters per boiler, 
supplying combustion air at 550 
F. Note that no greater building 
height was required for installa- 
tion of the air preheater than for 
the fans and precipitator. As in 
most modern boiler-plant de- 
signs calling for high levels of 
heat recovery, only the Ljung- 
strom is economically practi- 
cable from the standpoint of 
weight and space requirements. 





The MODERN jungstrom Air Preheater 


To the recognized thermal su- 
periority of the continuous re- 
generative counterflow princi- 
ple, the modern Ljungstrom Air 
Preheater now adds an extra 
measure of mechanical surety. 
The resulting clear margin of 
advantage for the Ljungstrom in 
any economic balance calling 
for high levels of heat recovery 
is indicated by today’s installa- 
tion records: Today more 
Ljungstroms are being installed 
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in power plants than all other 
types of air preheaters com- 
bined. 

Engineering evidence which 
confirms this margin of advan- 
tage—evidence which shows how 
constructional improvements 
have stepped up present-day 


performance—is available on re- 
quest. It will be of noteworthy 
economic interest to engineers 
and other executives concerned 
with power-plant design or re- 
sponsible for operating effi- 
ciency and availability. May we 
send you a copy? 





The AIR PREHEATER Corporation 


60 East 42nd Street 


New York, N. Y. 
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1s “OM THE RECORD 


AT RIVERBEND STATION 


The two C-E Steam Generating Units at the River- 
bend Station of the Duke Power Company have now 
seen more than 11,750 hours of operation at an 
average output of 249,000 Ib of steam per hr. Their 
impressive record of reliability is revealed by the 
fact that they have been operated as required for 
system load conditions without a single forced out- 
age or reduction of capacity chargeable to the steam 
generating units. 

These units comprise C-E 3-Drum Bent Tube Boil- 
ers, equipped with Elesco Superheaters and Ljung- 
strom Air Heaters. The furnaces are water cooled 
throughout, having finned tube walls and plain tube 
arch and bottom screen. The units are fired with 
pulverized coal, using C-E Raymond Bowl Mills and 
C-E Burners, and are designed to produce 275,000 
lb of steam per hr at 675 lb pressure and 825 F at 
the superheater outlet. 

The installation at Riverbend went into operation 
in July 1938. In December of the same year, two ad- 


ditional units, generally similar in design, were or- 
dered by Duke Power Company for their Cliffside 
Plant at Brice, N. C. On these units, capacity was 
stepped up to 400,000 Ib, pressure to 900 lb and 
steam temperature to 900 F. 

And again, in October 1939, two more units of 
identical design were ordered for their Buck Station 
at Spencer, N. C. 

Reliability is of paramount importance in the mod- 
ern power plant. Reliability is a major consideration 
in the design of every C-E Unit — it is “on the record” 
again at Riverbend station. 

Many an initial C-E installation has turned in the 
gratifying performance that leads to subsequent 
orders. The same engineering skill, sound judgment 
and high standards of construction which underlie 
such successful performance are available to you. 
Utilize them to your own advantage. Invite Com- 
bustion Engineering to discuss with you your antici- 
pated steam generating requirements. 


COMBUSTION ENGINEERING COMPANY, INC. 
200 Madison Avenue, New York, N. Y. 


CANADA: COMBUSTION ENGINEERING CORPORATION, LTD., MONTREAL 


C-E PRODUCTS INCLUDE ALL TYPES OF BOILERS, FURNACES, PULVERIZED FUEL SYSTEMS AND STOKERS; ALSO SUPERHEATERS, ECONOMIZERS AND AIR HEATERS 
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ENCO 
Streamline Baffle 
Design 


















SECTION-CCE 
ENCO CUTER BALFLE 


RM O{® N41 


JéC ION - BB 






SLCHON-AA 
Drawing showing typical construction and the removable 
tile used to provide openings in the baffles for the re- 
moval of tubes. 

Design and Construction covered by U.S. Patents 1,614,- 
948—1,702,933—1,748,137 and 1,756,164. 


ENCO Cross Baffle Construction 
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Improve performance - increase capacity 


The performance of new and existing water tube boilers can be improved to obtain Increased 
Capacity and Better Operating Efficiency with ENCO BAFFLE WALLS. Because they are— 


DESIGNED for better heat distribution to insure lower flue gas temperatures and higher 
efficiencies. 

STREAMLINED AND CURVED so that a wide flexibility in design is possible to suit various 
tube and superheater arrangements. The entire heating surface is covered more effec- 
tively and the greatest rate of heat transfer obtained. THE SMOOTHLY CURVED 
SURFACES of the streamlined baffles ELIMINATE ANGLE JOINTS and avoid eddy 
currents and dead gas pockets and thereby decrease the draft loss through the boiler. 
These surfaces also permit soot blowers to work more effectively and keep the boiler 
clean for a longer period. 


CONSTRUCTED GAS TIGHT by experienced mechanics who are specialists and who install 
the baffle wall true to design with uniform thickness and with smooth finish surfaces. Tile, 
Plastic and Rod construction permits tube renewal with minimum damage and easy 
repair to Baffle Walls. 


ENCO BAFFLE WALL TILE AND PLASTIC MATERIALS are selected from the best refrac- 
tories obtainable, specially processed for baffle wall construction and will withstand 
high temperatures for many years of continued service. 


Write today for your copy of our new Bulletin, BW40, which 
ts a valuable contribution to Modern Practice in Baffle Wall 
Design and Construction of all types of Water Tube Boilers. 


THE ENGINEER COMPANY 


75 West Street New York, N. Y. 
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. § Track Hoppers 


Bio 


BARTLETT-SNOW. 


@ Complete with a receiving hopper, that is loaded by 
truck and discharged with a duplex reciprocating feeder, 
five belt conveyors having 176; 154; 49; 118; and 35 
foot centers respectively, a coal crusher, magnetic pulley, 
belt tripper, a 72 foot reversing shuttle belt that dis- 
charges into any part of a bunker twice its length, and a 
coal reclaiming system, the Bartlett-Snow equipment at 
Cincinnati—like other Bartlett-Snow installations — has 
met fully the customer’s requirements. 


Designed by men who do now—and have for years— 
devoted their entire activity to coal handling problems. . 
and fabricated to Bartlett-Snow’s nationally recognized 
standards in our own machine and structural shops under 
the exacting inspection of the designers themselves instead 
of being jobbed out to other fabricators—Bartlett-Snow 


CINCINNATI GAS and ELECTRIC 





2 ena Engineers 


COAL HANDLING EQUIPMENT 


equipment is ideally suited to the individual requirement 

. and in addition, reflects the many refinements and 
niceties of design and fabrication that promote efficient 
and trouble-free operation in service. 


That is why you'll find Bartlett-Snow coal handling 
equipment being selected in preference to other equip- 
ment by many of the best known and most representative 
central stations—and large, medium and small industrial 
boiler plants alike . . . It meets the need more accurately 
and works better. More complete information including 
illustrations of recent installations, equipment details, 
etc., are contained in a 48 page bulletin, copies of which 
will be sent on request. Send for your bulletin today. 


THE C. O. BARTLETT & SNOW COMPANY 
New York + Chicago + CLEVELAND, OHIO . Baltimore + Des Moines 


BARTLETT-SNOW 


PLANT 


e@ e BOILER COAL 





Complete Engineering and Fabricating Facilities to Meet pe Requirement Titodgia 


Gates and Feeders Skip Hoists 


Bucket Elevators 


SYSTEMS. eo: .@ 


Basis 


HANDLING 


Belt Conveyors, Bins and Bunkers 
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Power Plant Operator-interview Series. 


One of a series of on-the-job inte 


to get 


: 


rviews 


first-hand information on the performance 


of Hydraulic Couplings (Fluid Drives). 














, 


in Machinery 


say “Hydraulic Couplings (Fluid Drives) — 
play an important part in our plant” 


These straight-from-the-shoulder comments 
by the men who operate the modern, efficient 
equipment of a big, metropolitan power plant, 
shed some interesting light on the operating 
characteristics of Hydraulic Couplings (Fluid 
Drives) when applied to forced and induced 
draft fans and pump equipment— 


“It’s no trick to keep the air-fuel ratio right 
for efficient operation with Hydraulic Coupling 
control of the mechanical draft fans. The vari- 
able speed feature of this Coupling lets us keep 
fan r.p.m. at exactly the point required for 
any given load.’’— Boiler Engineer. 


ry A ry 


‘There is a definite advantage in having torque 
delivered to both fan and pump equipment 
through the shock-absorbing Fluid Drives. 
They make it practical to use the 

simplest constant speed motors. 

And, more important, their abil- 

ity to absorb starting shocks and 

torsional vibrations increases the 

life of pumps, fans, bearings and 

motors.’’— Power Plant Supt. 


ry 7 7 


All of our experience in the appli- 
cation of Hydraulic Couplings, as 
well as our complete knowledge 


Hydraulic Coupling Impeller 
and Runner 


ey 
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An on-the-job interview showing an American 
Blower Induced Draft Fan and American Blower 
Hydraulic Coupling in the background. 
of mechanical draft fans and dust 
precipitators for power plants, is 
at your command. May we co-op- 
erate with you in improving your 
present equipment or in plan- 
ning equipment for the future? 














FORD 


ROUGE POWER PLANT 


uses COAL! 





a 





The main switchboard through which electric energy 
from Rouge Power Plant No. 1 goes to thousands of 
motors throughout the great plant. To keep those mo- 
tors running, Ford uses dependable, economical coal. 


















Raw as the greatest industrial power 
plant in America, the battery of 
high-pressure boilers at Ford's Rouge 


Power Plant No. | is fired 95%, by COAL. 


Power supply for so huge a plant must 
satisfy three basic requirements... 
DEPENDABILITY ... EFFICIENCY... 
ECONOMY ...the keynote of all Ford 
methods and products. 





The satisfactory answer here—as in so 


Fy ree rn Anatase! sey nee | many industrial power and heating 


their kindin the world. The No. 1 P. Plant . . 
asthouge at presatens s900tent slosadadin. plants of all sizes—Is COAL. 





Bituminous mines in "The Coal Bin of 
America" are equipped to give you uni- 
form shipments of coal conforming to your 
exact specifications as to B.T.U., ash soft- 
ening temperature, high or low volatility, 
ash content, grindability. 


Served by Chesapeake and Ohio, prod- 
ucts of these mines are delivered speedily, 
carefully, and on time. The railroad like- 
wise offers, free, to coal users the help of 
trained Fuel Service Engineers who have 
aided many an industrial concern to solve 
its fuel problems. 
















For information or assistance with fuel 
problems, write GEORGE H. REINBRECHT, 
Coal Traffic Manager, Chesapeake and Ohio 
Lines, 2902 Terminal Tower, Cleveland, O. 
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AT THE OHIO LEATHER CO. 





























Coal Fired—¢ years 
UNDER THESE 0 PERATIN Go eee 
ee Total Elapsed Ti ‘. 
C 0 N D ITI 0 N 5 ree, ° : a Hours Out ene 6 ws) a/c Stok oe 
er Cent of Stoker Availability *r . . 96 Hours 
Six Year Average Efficiency — — 
| Boiler, Furnace and Stoker 76.8% 
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The figureh Le the story of Stowe Seokers’ Sa , = artinge. inspection: vcips Noe power D Ban officials 
ance. Put onNlide January 1, 1934, this 547 H.P. unit and See for -yourseli,, fryst handiwhat, Skowe Stokers 
has had an RB 
4,000 Ibs., 8 hades at 18,000 lbs. and 8 hours at from 


30,000 to 40,089 Iks., (load swings of from 10 to 1). THE JOHNSTON.« JENNINGS CO. 


894) Addison Road 
ain ayerage 6 year efficiency—total OSTROTS CLEVELAND. OHIO 


input vs totql Bulpatmof 7,6,8%Mt has carried the Engineerisig and Sales Representatives in 


entire load of the plant for six YEaes, and has required New York « ‘PRPburgh + Kansas City ° St. Louis 
during that entire time repairs and maintegance of 
only $393. 14—anid | iis still bbbeh Sb years and years 


more service, Smal wonder that in ordering a second 


vehage daily operation of—8 hours at are doing atrd. igw-théroughily welt they are doing it. 


It has operat CHICAGO 


stoker for al. plant addition, the customer specified 






‘Stowe Stoker saitie as before.” 
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STOWE STOKERS 
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THE JOHNSTON & JENNINGS CO. CLEVELAND, OHIO 
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With increasing size and efficiency in modern central stations 
have come more severe demands on the boiler-feed pumps. 
pie i This has meant higher pressures, higher temperatures, larger 
. capacities and more severe operating conditions in general. 
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ss CHT barrell-type 
jer feed pump. 











@ The record of Ingersoll-Rand pumps over a long period of years in 


boiler-feed service is unmatched for reliability and efficiency. 


In 1913 Ingersoll-Rand built their first multi-stage centrifugal boiler- 

feed pumps to deliver 175 lbs. pressure. In 1939 they built pumps to 

Cine Nt dati edeune. deliver 2800 lbs. pressure for the highest pressure steam plant in the 

country. Whenever a more efficient or higher pressure pump has been 
required Ingersoll-Rand has been ready to produce it. 

Ingersoll-Rand’s long experience in the field and its exceptional 

manufacturing, metallurgical ‘and test facilities are assurance that your 


pump will be of the highest quality. 








Ingersoll-Rand | 
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THE picture at the right 
shows four Armstrong 
Forged Steel Traps in a mid- 
western generating station. 
Two are on 400 Ilb., one on 
1400 Ib., and one on 1500 Ib. 


pressure service. 


QUICK FACTS: 


UNSURPASSED QUALITY! Cap and body 79,000 Ib. 
tensile strength. All-stainless steel trim. Heat treated 
valves. 





9 FOR ANY PRESSURE! Built for 400, 600, 900, 1500, and 
2400 lbs. pressure. 


3 FOR ANY CAPACITY! Forged steel construction available 
for both plain traps and super-capacity compound traps. 


4 ECONOMICAL TO USE! Wide choice of sizes starting with 
small 4 inch size. Built for either screwed or flanged 
connections. 


COMPLETE ENGINEERING DATA. Printed information 

will be sent to you on request and without obligation. 
Complete capacity curves ... trap specification and dimension 
sheets .. . installation diagrams. . . detailed recommendations 
on how to figure size required . . . latest recommended practices, 
etc. Write to ARMSTRONG MACHINE WORKS, 814 Maple 
St., Three Rivers, Mich. 
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Good 
Design 
and you 


Get 
Good 
Results 





Forced and Induced Draft Fan Rotors are “hand-made.” 


j er: fine performance of any mechanical equipment 
is based, first of all, on its design. Start with good 
design—follow up with careful, painstaking construc- 
tion—and the finished result is sure to be satisfactory. 


“Buffalo” has pioneered in many innovations now 
accepted as standard in power plent service. Among 
other things, Buffalo engineers produced the first ‘‘non- 


BUFFALO FORGE COMPANY 


Branch Engineering Offices in Principal Cities 








» Forced and 
Tivehtcersxems Dechar Fans 


overloading” high speed fan on the market. The 
Buffalo “‘rising-pressure characteristic’ enables Buffalo 
Forced Draft Fans to deliver rated air capacity even if 
fuel bed varies considerably. 


The easy way to get the whole story of superior Buffalo 
design is to send for Bulletins 3113 and 3190. No 
obligation. ) 


170 Mortimer St. Buffalo, N. Y. 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 








This Was 
Nota 
Blind-Kold 
Test 

















@ Not a Blind-fold Test, but a scientifically 
controlled endurance test was made on a Crosby 
gage and two competing gages to determine their 
relative stamina, dependability, and continued 
accuracy under gruelling service conditions. 


A pumping device to reproduce operating 
conditions was especially designed and con- 
structed to test the gages, the pulsating pressure 
thus produced causing the hands to deflect from 
zero to maximum graduation and back to zero, 
the cycle repeated more than 90 times a minute. 


After 14 hours on test, the Bourdon tube in 
gage “A” ruptured; the Crosby gage main- 
tained its guaranteed accuracy of % of 1%. 
After 834% hours, the tube in gage “B”’ failed; 
the Crosby gage was still accurate to 1.2% of 
its maximum range. The test was continued on 
the Crosby gage for more than 375 hours, at 
which time there was no sign of tube failure. 








The movements of the gages were next tested 
on a machine that moved the sector back and 
forth through the full arc. 


After 17 hours, the movement from gage “B” 
broke down and jammed. The movement from 
gage “A” lasted 216 hours, when the teeth on 
the sector and pinion failed, stopping the test. 
The Crosby movement still showed no sign of 
wear. Even after 9,928 hours (more than one 
billion cycles) the Crosby movement continued 
to function and showed only slight signs of wear. 


The tests described above on the Bourdon 
tubes and movements, the vital parts of a gage, 
demonstrate conclusively the ability of the 
Crosby gage to withstand pressure fluctuations, 
resist vibration, and to “‘take’’ punishment that 
destroyed other types of gages, and still give 
faithful service—a concrete example of the 
quality and economy of Crosby. 








STEAM GAGE 
AND VALVE CO. 


BOSTON e« NEW YORK -« CHICAGO 
LOS ANGELES ° DALLAS 
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KEEP SLAG OFF THOSE BOILER 
AND SUPERHEATER TUBES IN 
THE HIGH TEMPERATURE ZONES 


e@ Stop wasting boiler availability in need- 
less shutdowns 


e ..Stop wasting fuel because of slagged 
tubes 

e@ ..Stop wasting boiler capacity in pre- 
ventable heat loss 


e ..Stop wasting manpower in needless 
hand lancing! 


@ Stop these needless wastes by installing 
VULCAN SOOT BLOWERS 
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Veuenm SOOT BLOWERS 


make remarkable record in Philadelphia Electric Company’s new 


high-pressure, high-temperature 


Six Vulcan Soot Blower Units are installed on each side 
in the convection section of these notable boilers, designed 
to generate 600,000 lbs. of steam per hour at 1350 lbs. pres- 
sure and 910 F. total steam temperature. 

The drawing shows location of one of these Vulcan Soot 
Blower units operating in the first pass at temperatures 
approximating 1900 F. 

For some 18 months this Vulcan unit has endured this 
temperature and functioned perfectly with minimum atten- 
tion and maintenance. 

And that isn’t all. Remember that the ability of the 
Vulcan Soot Blower to keep this section of the boiler and 
superheater clean at high boiler operating rates is largely 
due to the fact that this Vulcan unit has a slow-speed head. 
Because of this slow rotation the steam jets are enabled to 
bear on every inch of tube surface long enough to thor- 
oughly clean each tube. 

How is it possible for this Vulcan equipment to give this 
service in this Philadelphia Electric Company high-tem- 
perature unit? 

The answer lies (1) in Vulcan design; and (2) in the fact 
that Vulcan Soot Blower elements and bearings for ex- 


Schuylkill #23 and #24 boilers 


tremely high temperature zones are made of special alloy 
that is not only heat resistant but “creep” resistant as well. 
The high heat conductivity of this alloy enables Vulcan 
Elements and Bearings to distribute the intense tempera- 
tures to the boiler tubes. 

The elements and bearings for location in the lower gas 
temperature zones are equally designed to give highly suc- 
cessful results over long periods. 

No matter what your soot-blowing requirements—no 
matter what your steam temperature—no matter what 
your operating peaks or load characteristics—Vulcan builds 
a soot blower that will keep your unit clean at minimum 
operating cost, minimum servicing, and with minimum 
shutdown. 

The emergency value of Vulcan Soot Blower dependability 
and capacity for long continuous service was dramatically 
demonstrated in this Schuylkill installation during the criti- 
cal low water period in which the full capacity of this unit 
without interruption was vitally needed. 

Whether your soot-blowing job is tough or routine, Vul- 
can can solve it with maximum soot-blowing service value 
per dollar of over-all cost. We invite your inquiry. 





VULCAN SOOT BLOWER CORPORATION 


DU BOIS, PENNSYLVANIA 
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IAMOND sells you more than just 
soot blowers—it sells you assur- 
ance of clean boilers. 





When you install Diamond Soot 
Blowers, you get the benefit of 37 
years’ experience in the design, build- 
ing and application of soot blowers 
for all cleaning conditions. This ex- 
perience has been gained in provid- 
ing soot blowers for more than 13,000 
boilers of all types in more than 5,500 
plants, both large and small. Only 
Diamond can give you the benefit of this experience. 








Finally, you receive the benefits of the unique Diamond Service 
Policy. Under this policy, every installation of Diamond Soot 
Blowers in water tube boilers is regularly inspected by a 
Diamond Service Engineer—unsolicited and without charge. 
Reports show this exclusive Diamond Service Policy annually 
saves many thousands of dollars for Diamond users. 





More than 80% of the soot blowers in modern power plants are 
Diamond . . . because engineers everywhere have found that 
the superior performance of Diamond Soot Blowers makes them 
the most economical in the long run. 


Write for Bulletin No. 884-A 


DIAMOND POWER SPECIALTY CORPORATION 


SPECIALTY LIMITED, Windsor, Ont. 


DIAMOND 
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COTTRELL PROCESS 


of 


BLECTRICAL PRECIPITATION 


universally recognized as a 
standard method of removing 


DUST, FLY ASH, FUME, MIST & FOG 
from GASES 


28 years of research development and operating experience by the affiliated 
Cottrell Companies throughout the world is incorporated in the 


COTTRELL INSTALLATIONS 


offered to meet the requirements 
of any problem by 


RESEARCH CORPORATION 


405 LEXINGTON AVENUE 59 EAST VAN BUREN STREET 
NEW YORK CITY CHICAGO, ILL. 


associated with 


WESTERN PRECIPITATION CORP. 
1016 W. 9th St., Los Angeles 


























